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CHICKEN NEUROPEPTIDE GENE USEFUL BOB POULTRY PRODUCTION 



Field of the intention 

5 Tt&inveiakmielatcs^ 

recombinant Pemopqrtiflea. Thernventkaispxcoiisedanfe 

chicken encoding me oenropeptides GRF (Growm Hormone Releasing Hormone) and PACAP 
(Pituitary Adenylate Cych^ Activating Polypeptide). 

10 Backgramdofthehms^ 

Pooltty is a o*}or source of r*ore^^ However, me recall of many yean 

of breeding aekctkm for ftg-growfa? chlckena n«i tmfrgyi h** r^jfH »" pprv^^ n f 
commercial poidtry strains Because of mis increased at corneal, 

some nntririonta t no longer recommend poultry over trimmed red meat In addition, four fa ts aa 
15 niijchfixdsreojiired toprodnce 1 gram of fat compared to 1 gram of muscle, and so tola increased 
fit content also elevates prodncrioa costs (a^ 

expense of raising pen^ Accordingly, me ability to 

produce pon&iy with a Iotot fat coinctt both bealm and economic benefits. 

Growm Fkmnoae-Reieasmg Honnone (OTRH or GRF) and Pituitary Adenylate Cyclase- 

30 Activating Polypeptide (PACAP) are two members of the glucagon superfemily of proteins. They 
arc neuropeptides which* amongst omer acdvitiea, stimulate me release of ratmtary growth hnrmnn* 
(GH), the major growth bozmone in animals. In human emdies, recombmant OH lai been diown to 
increase leaa body mass and rec^to BycuspolatiOD, Deregulation of 

OT in agricultural animals may be useful to control growth rates and body composition. 

25 According mere is mnch interest in GRP and PACAP, and a major focus of the ongoing research 
is (he search for genea which encode these neuropeptides in agriculturally important animal species, 
including poultry* 

AHhonflfc rat and human ORP have been shown to stimulate GH release frnm rWAfn 
pimitary celbmv^ 

30 to provide at propeptide gene sequences and peptide sequences which fcng jon to stimulate OH 
release in poultry. 

Stannary of hrrcotloa 

This invention provides, for the first time, a gene from chicken which cacotfcs a precursor 
polypeptide for both GRF and PACAP (mis gene is referred herein to as the chicken GRF/PACAP 
35 gene). The chkten GRF/PACAP gene sequence is r^ovided, along with 5' and 3' regulatory 

sequences which regulate expression of the gene. Also provided are fee amino acid se q nences of me 
peptides encoded by Ibis gene (because of alternative spb^ 

different mgMA« capoding duce slightly ^^ftmtt n*^« l m pro d u ce d). This invention permits 
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(he gcncimlnn of tiffJnotHfc sequcaccseocodigg dto tfac GRF/PAC AP precursor polypeptide or the 
individual ORF or PACAP peptides, or both of (htse ioffividoal peptides. 

Other aspects of the Invention involve recambixxuH r ^ ti ^ n ^ 1> pr fnr P fry*fldi*jg T^ffl^niilr 
seq u ences encoding cnkken GRF and/or p ahap pepddei , • t ra V ^pm refls tramforinffd 
5 wifli such clonin g v e ctors* Cwrtfc constracte nVjdarieri far optimal e xpress ion of ^ «»iA«*Tf 

PACAP and/or (HIP peptides are also provided. Th*«» coBsttPCts include «r^*M fff encoding ttr 
chicken GRF/P ACAP precursor peptide or me individual chicken PACAP or ORP peptides in 
association whh reyntoiioffy sequences ^ahjcn control ei pi fe « ui t n ft^ coding y^ p***^ For 

Pttttinle, » cPNA mnlecnlg encoding the cttchen fiPP may h» fttt»rdm»»lty Knand tO the 5* promoter 

10 region found upstream of me chicken GRF/P ACAP gene. 
Also encomp as sed by to nivc^ 
entire chkken CHtF/PACAP g?ne. For example oligtmDckotide primer and probe seqococes which 
are derived from me nndeotide sequences provided are included whhin fee scope of me in vention 
Snch sequences, which are typically 10-50 nucleotides in kngm are useful, amongst other dungs, for 

15 amplifying the dncfan gene fawn vtrinm ti«aiEfl ngyfarmmff hybridation «t»ifi»« y^f frr ginning 

corre spon d in g gene sequences from other specks, Nucleotide sequences which encode larger sob- 
pans of the chicken QRF/PACAP are also part of me invention. S&chsensences include* for 
example, DNA molecules encoding the hidrvio^ 

regions useful in controlling gem expression. These sequences preferably rncfatde at least 10 
20 contiguous nucleotides of me disclosed GRB/PACAP gene sequence (and more preferably at least 
25, 30 or at least 50 contiguous nucleotides), in other embodiments, *»rsr rwrlnHMf Brq ra rt fl 
e ncode a p eptide* fapaWe of sbnmlanng die r elea s e of pituitary growth hormone from chicken 
pituitary cells* 

The provision of the chicken GRF/P ACAP gene sequence also enables the cloning of related 
25 genes from cxher ^jedes, mod the production of variants on fhe ifiKclnsfcri gen* wpiw* These 

variamsrapcTixs are defined 

stringency tt* fte disclosed legu mes* and which retain the rh*tf***p^ of encoding a p^yfrpfrfr 
capable of gtfTrmfifrng the release of pitoiiary growth honnoae from chicken pituitary cells. 

Another aspect of die indention are the purified chicken CfRP and PACAP peptide*. The 

30 peptides may be purified from cell extracts, for example from host cell* traasfonned with a 

recombinant vector expressing the peptides, or they may be synthesized by standard peptide synthesis 
methods* Purified GRF and PACAP peptides may be administered to animals directly to modulate 
GH levels and thereby regulate body compoainon arid growtii rates. For example, the petrified 
peptides may be administered orally to dutom feed, minayte 

35 which are administered snhcohmeonaly. Such dow-release pellets comprise the peptide combined 
with a biocompanT>le mantt, such as cholesterol. nrt>*r nwtwk mAmlrnam^m '™rh*i+ hy^>» 
of the rxytides nx^grxTratcd into a iHOcompatibk matrix, and the use of mini osmotic pumps. The 
amino add sequences of die disdosd GRF, PACAP and GRF/P AC AP p r ecursor pdypeptides may 
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also be modified in exact sequence, while retaining fee characteristic ftmctma of «mrmt*ri «g th* 
release of pkuhary growth homK» fromdiktopitailary cdla. Such vBriutandso add sequences 
preferably include i stretch of at tost 20 conscvu live amino adds identical to fee amino tad 

5 Hie mriCPtidB ae qnflfw.a djaclOSCd hetein «ray atop ^ BSed tO ^"^pfT ^T* flTff Wtll **** Of 

improve die body oompositkm of turned animals. Par example, genetic construct s fadttfing sh e 
chfcfcen QRP/PACAP gene may be introduced into chkten primordial germ erfia ^ pnvw* 
genetically altered chickens. Snccesa^mtearatkmcf sn^ 

produce a bird carrying afttmoral copies of (he GRF/PACAP gene which, in torn, would be 
10 expected to produce higher levels of the GRF/PACAP polypeptide and thereby elevated levels of 
pituitary GH. Even higher levels of ORF/PACAP expresskm may be obtained by using 
GRIVPACAP oiw ts tritf U in which die open reading frame is opcrabiy linked to a promoter Vnmyn ft* 
(Ereahi^tevdexpRstiofiof Promoter seqoences qiecific for 

particular tissues (e.g. brain or gonads) or particular dcvetopnttci&l stages may also be employed. 
15 Thft preset* invirtinn »l*n fiialitefwz tf* ready detecti™ of H^n^t^ frfafc ftrrying introduced 
GRF/PACAP constructs. 



Fig. 1 shows me subclone orgarflxatirm of the chmto GRIVPACAP geig aial the cDNA encodin g 
20 the GRF/PACAP precursor polypepdi^ together with the location of PCR primers. 

Kg. 2 shows the nucleotide sequence of me chicken GRF/PACAP gene. Nocleotides coamrismg 
subclones l.g, 3. 1, and 3.2 are shown along wim me intron/exon boundaries and mc 5 - and 3*. 
fianking regions. Tte translated atmto arid a 

Trndrotide sequence of coded cum and both sequences arc nmnbered on the rigit The nucleotide 
25 mnhering hepins at the heyinmnp of the rfnn^ whereas the amino add numbering begms at me 
imaanngmemkmine. ORF is underlined with a solid Hue and PACAP is imdedmcd wim t dotte d 
hue. AH ezc^ axe in bold capital letters wim me 

GRF^ ts encoded on two exons. The intervening inton has aliens sto Tte ira^on-cioa 
boundary far pu fleodde i encoding the second part of CRF^ is shown (♦). The other splice site* 
30 9bp toward the 3* end, ia shown by the double symbol (+ +). This sphce site removes nine 
mrlcoririra respiting in a shortended ORF^ Only a portion of she nucleotides flat encode the 
promoter region and imron 2 and 4 are shown. The remaining nucleotides are provided m Seq. LD, 
No. 1. Withmfc promoter, die CAAT andTATAAA sequence motif have been underlined. 



35 



The ac^wi^iijM^ sequence listing umipuses the faflvwiug sequence rnfrrnnetion: 
Seq. I.D.No. 1: complete mideotide sequence of me chicken GRF/PACAP gene. 
Seq. I.D. No. 2: full length cDN A encoding chicken GRF/PACAP neuropeptide precursor . 



W09802857 + PCT/CA98/D0033 

Seq. LD. No. 3: amino add sequence of te peptide encoded by fufi length cDNA shown in 
Seq. LD. No. 2 (h*4nding 4* amino acid GRF peptide and 38 amino acid PACAP peptide). 

Seq. LD. Na 4: amino add sequence of the 46 amino add GRF peptide encoded by full 
length cDNA shown in Seq. LD. No.2. 
S Seq. LD. Na 5: amino add sequence of toe 38 amino add PACAP peptide. 

Seq. LD. No. 6: alternatively spiked cDNA sequence encoding chicken GRF/PACAP 
n e uropep tid e precursor (alternatively spiked cDN A fl). 

Seq. LD. No. 7: amino acid sequence of &e peptide encoded by alternatively spliced cDNA 
#1 (including 43 amino acid GRF peptide and 38 amino add PACAP peptide). 
10 Seq. LD, No. 8: amino acid sequence of the 43 amino acid GRF peptide encoded by 

alternatively spliced cDNA #1. 

Seq. LD. No. 9: alternatively spliced cDNA sequence encoding chicken GRF/PACAP 
u e mu p e ptkle p rec urso r (Biternativciy spHced cDNA fZ). 

Seq. LD. No. 10: amino acid sequence of the peptide encoded by alternatively spliced cDNA 
15 #2 (including 14 *nii»a^ 

Seq. LD. No. 11: nnrJeotirtr sequence encoding chicken 43 amino acid GRF peptide. 

Seq. LD. No. 12: nncleotide sequence encoc^ chicken 

Seq. LD, No. 13: n a cko tid c sequence encafing chicken 38 amino acid PACAP peptide. 

Seq. LD. No. 14: iwl*mMr sequence of pdmcr D used in rcn «™r»ftratijn) 
20 Seq. LD. No. 15: nucleotide sequence of primer F used in PCR amplification. 

Seq. LD. No. 16: wirf™** sequence <rf pttmy a used ™ "t"^^ 

Seq. LD. No. 17: nackotide sequence of primer 1 used in PCR amplification. 

Seq. LD. Na 18: nucleotide sequence of primer 2 used in PCR amplifkatkm 

Seq. LD. Na 1* amino acid sequence of PACAP 27 (PACAP 27 is a form of PACAP 
25 'which results from alternative poct-translarional processing). 

Seq. LD. No. 20: amino acid sequence of GRF29 (the first 29 amino acids of GR, ttas ia 
believed to represent the minimally active unit of GRF). 

ijcsaueo aescnpQOii ox toe invention 

30 L Definitions 

Particular terms and phrases used have die meanings set forth below. 
Isolated: An 'isolated" nucleic acid has been substantially separated or purified away from 
oiher nucleic add sequences in die cell of the organism in which (he nucleic acid naturally occurs, 
i.e., other dmraoscmal and cajrachrnmnrarnal DNA and RNA, Tne term "isolated* dsns 
35 cBcoxnpasses nucleic acids purified by standard nackic add purification methods. The term also 
embraces nucleic adds prepared by recombinant expression in a host ceD as well as chemically 
sydhesnediia^adds. 
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cDNA (caoDplemattuy DNA): a piece of DNA lacking internal, oon^rjalng segments 
(lotions) and regulatory sequences which determine n ai ru iiptio n , cDN A Is synthesized in the 
laboratory by reverse transcription from messenger RNA extracted from cells. 

ORP (open reading frame): a series of nrtriforidt triplets (codons) coding for amino adds 
5 ^wftaaiaygaeiiMdoncodDaa. These sequences are usually trsnslataHe n^ 

Probes and priners: Nucleic acid probes and primers may readily be prepared based an the 
nucleic acids provided by mi* invention. A prcte comprise* an isolated imclck acid attached to s 
detectable label or reporter motecole. Typical lahda include nafioactivc isotopes, Bganda, 
rrrrmhmrircs ccnt agents, and enzymes. Methods torlabelmgandgakSatt«inte 
10 approjaiam for various 
(1987). 

Primers are Aan nucleic adda, preferably nwA oligonucleotides t ^w^ or mm in 
length. Primers may be annealed to a complementary target DNA strand by tmryfr add 
hym4d^zarian to form a hybrid between roe primer and the target DNA *rr*n\ mni e*tentt*\ 

15 along the target DNA strand by a DNA polymerase enxyme. Primer pairs can be used for 

amprifrarmn of a nucleic add sequence, e.g. , by the polymerase chain reaction (PGR) or other 
nscici&4tcid miiij Jifinanfln sneftods known in the art. 

Methods for preparing aiid re 
«al.(19^ AfflnbdetaL (l^,andlnrns« 

20 torn actrneact^ for csm 

(Version 0.5, • 1991, Whitehead Institute for Biomedical Research, Cambridge, MA). 

Purified: me term purified does not mpxtze absolute purity; rather, it is intm^ a* * 
relative term. Tims, for example, a purified peptide or protemjKtpaiitta 
protein referred to is more pore than the protein in its natural tnvuuoment within a cefl. 

25 Operably linked: A first nucleic acid sequence la operably finked with a second nucleic add 

sequence when the first naclek acid sequence is placed in a fmictional rehuioosaip with die nucleic 
add sequence. For instance, a remoter is operably linked to a coding sequence if me promoter 
affects fre rranscrijjaon or oqraaon of the coding sequence. OeneraUy , operably linked DNA 
sequences are contiguous and, wricre necessary to jom two prot^ 

30 readmgfiame. 

Rrcombinant; A recomhirant nucleic acid is one tot has a sequence mat is not naturally 
occurring or has a sequence that is made by an artificial combination of two otherwise separated 
segments of aegoen ce . Thin artificial cftmiAtaAvi « ***** accomplished fry rfr— a*rttl synthesis or, 
more commonly, by the artificial mampularion of isolated segments of nuclek adds, e.g., by gene ric 
35 cngmeerii^tecriitt^. 

GRF: Growth licAnone-rekasing honnone (alternatively referred to as GHRH). 

PACAP: Pituitary adenylate cyclaac^actrvating pdypepridc. 
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ORP/PACAP precoma polypeptide: a polypeptide which includes bom GRF ted PACAP 
polypeptide sequences. Cleavage of this precursor polypeptide yields (he fadivimial ORP and 
PACAP polypeptides and ft cryptic polypeptide. 

Ad<££onal rfefimtinre of common terms in molecular biology may be found in Lewin, B. 
5 "Genes IV* pnhBshcd by Oxford Uniwiuity Press. 

H. Oootag of chkhfin GRF/PACAP gene 

A* Matertali and methods 
1* DNA an ipTl BcnUon 
10 L AgimlffVirfffl n of thechfctan GMffACAP mRNA 3* end 

Qdcto(Gatodfrragto r*~~1 rnrnHtit^'y ^ »>»t 

stared at -SOT. Total RN A was extracted wim an acidic foai&Hninm thkcyamte memod 
(Chamctyn^andSaccM, 1987), followed by purification of poly A* rich mRNA on two 

15 consecwkectigodTj^cd Single stranded cDNA was synthesixed wim 10^ poly A* rich 
mRNA, 2mM oligo OT 9 (primer E), 5 times Superscript buffer, 2mM dNTP, IGtaM DTT f 5U RNA 
guard (Pharmacia), and 200 U RT Superscript (BRL) to a final volume of 25/d. The reaction was 
heated to 42*C fof 1.22hr and lennmated by hxreaang die temperature to 95°C for lOmin* 

Amplifi c ati on was performed b a 5QjU vohnne wim 02^g cDNA, SUTaq, UTaqbnger 

20 (Promega), 20QmM dNTP's, 2.5mM MgO^ and 20 pmol of primers D (5*- 

calgttggacagiacacaacgtgagcg) (Seq. LD. No. 14) and F (5'K^ggaigggaicttcacggatag) (Seq;. I.D. 
No, 15). The reaction was carried out to 35 cycles at 94°C for 1 min, 45°C for 1.5 min, 72 D C for 

I. 5 nun and fa a 5.3 mm extension at 72°C. Amplified bands were ckmcd inmpBhttscript KS+ 
(Stratagcne). dcctroporatcdintDXL-t competent cell*, and prepared toseyaaa^wglaftaJtali» 

25 hydrolysis memod (Birnboan 1983). Bom strands were sequenced with (a-^S] dATP using me USB 
Seqnenase chain Emanation memod (Sanger et aL, 1977) ardCromrVent thermal cycle se q uen ci ng 
ait(NewBn^B]Olabe). AD sequencing gels were 6% polyacrylamide/7M urea wedge gels, 
dried under vacuum at 80°C and exposed to Kodak XAR-5 film to 12.24h 

30 fi. AmpBfkatton of the 5 1 end 

A modified version of Piohman's (1988) RACB protocol was utilized to amplify the 5* end of 
the chicken ORP/PACAP cDNA. To amplify me 5* end* Ijig Poly AV mRNA was mixed with 
tOpmol primer D, and 7|d DBPC treated water to a final vohnne of ltyd, heated at 65°C for 5min, 
and then cooled on ice. Single stranded cDNA was synmesbxd wim the above mRNA/primer 

35 mixture, 5*1 Sta?eiscript bnte, IjtMdNTP, lQmM DTT, 5U RNA guard (Pharmacia) t and 200 U 
RT Superscript (BRL) to a final vohnne of 2SpL The reaction was heated to 42 # C for 1.2ftr and 
ttrmimmd by increasing the temperature to 95»C to fain. The first st ra nd s ynthesis was 
concentrated to 12.5 pi. of which 10/d was extended wim dATP, 1/d water and Ifd TdT enzyme 
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(BRL). PCR conditions were kkmkal to (he alx^ 
Jr.). 

Bl. AamBftcafkm of GRF/PACAP noBNA spice vnrkmta 
Brains were removed from 25-day-akl chickens and cimcted in TriZol (BRL). 
Canpkmcatary DNA was synmeaized horn lug of total UNA using 200U nhnmnt 
transcriptoe (IT RT Superscript, BRL), IftnM DTT, O.SmM each dNTP, SOU RNA gaud. 2fM 
primer B, and IX Vt RT buffer for a total reaction volume of 2ttal. The reactitm proceeded for 
90min at 41 »C fallowed by 10 min at 90°C. PCR emplificatiom were done with 0.5pl of newly 
transcribed sag* aranded eDHA from each tissue, 5U Taq DNA polymerase, lx Tan. hotter 
(Promega), 02mM each dNTP. 0.4pM of primes A (5^gagc«cc«c«*tgctta«gcag) (Seq. U). No. 
16) and D (Fig. 1), and ZSmM Mgd, in a 50jd reaction Jot 35 cycles <M"(l>a'(i.s> 
735(1.75% PCRteacdMB woe parifiadttnaga a 13% agarose geL Bands were isolated, cloned 
iaopBfaescriptKS^ (Stodagena). rfrrimpoiiUd into XL-1 competed cells, and prepared for 
seqoeaeiiig with an alkaline hydrolysis method {Birnboirn 1983). Bodt stands were seqaeno 
j*~"Sl dATP using the USB Seqoenase chain termination tnemod (Sanger «r at. 1977) and 



f?. 

30 Brain, ovaryAwidoct, testis, pituitary, bean, fiver, kidney, crop, snail intesdne, large 

iOEKtoe, eye. and the rmwde were removed from 25-day-old chickens ai*l extracted in TriZol 
(BRL). Complementary DNA was synthesized from l n of total RNA using 200U avian reverse 
( (H"RT Superscript, BRL), lQmM DTT, O.SmM each dNTP, 50U RNA guard, 2pM 
r B, and IX H" RT buffer for a total reaction vcfasne of 20pl. The reaction proceeded mr 
25 90mia at 41'C followed by 10 min at 90 °C. PCR ampfi&ations were done wimO.Spl of rowty 
naascribed single straiidedcDNAfran each tisaae, SU Taq DNA polymerase, lxTaqbufier 
{Promega). a2mM eachaTTlT, 0.4^ofpriiieis AandD(H«. D. and 2. SmM Mgd, ma 30^1 
' fcf 35 cycles (94 , (1*)-S$ , (1.5 , )-72*(1.W). 



30 2. 

A total of 10* pfa trim the chkken genomic library (Stratageae) i 
the 2Wbp PCR cDNA fragment (primers OfF). Duplicate nylon membrane (BbRjut) lifts were 
prebyhritfizol at 50*C in 6* SSC, 5x Dedtatdt's sotatai, ftS% SDS and 3<m^ 
{blocking DNA) for 4 hours. The hybridization rotation, consisting of 6k SSC, 0.3% SD5, and 
lOQmg blocking DNA. was added to the [o-*P)dCTP (Dnpont) labeled probe (Z4xlO T t*an/ml) and 
incubated at 50°C overnight The mcmbcujes were washed under high stringency 
(0.1xSSC/0.l%SDS) for 50 min at S0«C, men exposed to Kodak XAR-S film for 7 days at -80*C. 
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Three a dditional naiads of s c re e ning were used to purify a positive done chat had been 
isolated from the genomic lfrrary. The insert was excised from the phage DNA with Sacl, purified 
by agarose gel elcctrophorcsia and sobcloncd into pBtucscript KS (S naiagcnc) nsing T4 Ugasc 
(Fbamada). Three of (he four Sacl anbdoaes me shortened fr? nested deletions (doable att ended 
iwted Action hit. Kanaaca) on bo^ 
to die msmifonrer's instruction. 
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Chicken liver DNA was grand and treated with proteinase K (Sigma) in buffer 
(lOmM Tria. pH 8; lOQmM BDTA, pH 8; 0. 5 % SDS; 20(fcg/ml proteinase K) overnight at 55«C. 
The DNA was purified wim mree subscqnent plifliolrddrofmnzlsoanyl alcohol titrtctiaia 
(24:24:1) and m*cU^^ 

br^ after each admtkm of fre^ Ibe DNA was dialyzed 

agamstTB(pHS)ovOTiigmm remove 10^g (30>d) DNA waa digested with 

cither BcoRI, Sacl, HindHI, PvuD f and Kpnl and electropharesed through a 1 % aganxe gd t in 
dsp&cste. TheDNAwaatrajrfenedastotein^ 

Zeta-Probe OT membrane Prchybridtsuihrn waa m7% SDS. 0.2SM NaHPG^pH 7.2, ImM EDTA 
at 65 # C for 15mirL Hyhridiimtkmwasiafi^ 

20 *P[dCTFJ labeled probe far 17hr at 65*C. The hybrimirf membra 

stringency (4S°C) with 5 %SDS, 40mM NaHP0 4 . ImM BDTA and dm washed far 45min wim 
firesbsobtian(45 0 C). Hie wash sotehon waa iwsed to high stringency (65 °Q by 
SDS, 4QmM NaHP0 4 , ImM HDTA and washed twice for 4Smia tt 65°C with fresh sofatioa. After 
washing, die membranes were sealed iapbatfe and exposed 24hr to Kodak 

75 intensifying screens at -80X. 



B. Results 

1. 



A single band of 294bp readied from the first DNA amplification of chicken RNA/cDNA* 
30 This cDNA fragment was used to screen die chicken genomic library. OnemiUio 

screened to produce a single pUope dial hybridir^ to the probe. TT» lambda doe of j 
12500bp, prodnoed 4 fragment! when (hgesied with Sacl (Wgure 1). These smaller 1 
purified and sabdoned into pBfaescript KS (subclones 1.8, 3.1, 3.2, and 4,4). 
Safcdones 1.8, 3.1 arid 3.2 ccmtaiiiedMd^ 
35 consisted of approximately 5Kb of 3* Hanking region and therefore was rnifrfrfl Subclone 1.8 

(1 682bp) contained exoas 3, 4. and 5 encoding the cryptic peptide. GRP. and PACAP, respectively. 
Bxon3comammgpartofmeciy^ 

rea<fing franc that encodes a dibasic processing site (Lyzj-Arg) between tte cryptic and GRP peptide. 
Baton 4 has 96 ro c teo ti des that code for the initial 32 amino acids of chicken GRP. The final 
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portion of ORF cm cm 3 shows that ducfcen GRFiawaqjBbtCK&kb4&wBfa*ato,tehBWB& 
known GRP. On exon 5 immediately dowuaucaxn of the oo&ng region of chicken GRP^ m &e 
coding region far PACAP^, separated from ORP by a Ly»-Arg processing site. Thechicaxn 
PACAP, ^ is identical to me mammalian farm creep it praati™ ar uM^u anfaokucmc 

5 satettorffeanabnmc. done 3.1 (2160b) contained exon 1 teeuoMteS'^ianmAktBd 

region (UTR) (I94bp), an intron (142bp) and exon 2 mat encoded me signal peptide and a portion of 
me cryptic peptide (114bp). Ctooe 3.1 itoconttmed344bpo^ Within me 344bp 

was a CAAT regulatory region at position 2974bp, and me TATAA at position 30Q2bp; these 
unriflortrtrt axe coi ari aua regulatory regions not foond in other pocap genes. Intron 2 of 1337bp was 

10 the longest mtron and intnag 3 of 178bp and 4 of 37 Ibp contained an mmsnally high G/T rrm wnt 
manexoasCG). repeats. done 3.2 (2tf27bp) was exclusively promoter. 



2. Alternative Sfrdfcfag 
TocxaimTnmtroti^Konboondac^ hnmimRNA/cDl^ waaggeciicdiaa^ the PCRand 
IS pdmetB AandD. AB intron-exanbosndar^ 

4 and 5 was found to vary: in some bands, me first boundary was at position 57Q3bp, me 
iHivtvlary had s&d nme bases downstream, to position 3712 bp and the third hoonda^y 
4 is 



20 3. 

In jtrveniles at 25 days after hatching chicken GRF/P ACAP mRN A was detected not only in 

! a lOTPCR method. GRF/P ACAP mRN A 



not detected within the pituftary, hearty liver, kidney* crop, small intestine, large intestine, eye, or 
25 the muscle. From me brain mRN A, two bands were anqilificd from the RT/PCR n^fiiod. These 
two bands, along with da? single bands from the ovary/oviduct and testis, were purified and 
sequenced Co verify the PACAP sequence. The langest band in me hf&ln and nfogte hmn* in 
ctEtfained all exon*. whereas the snorter band in the brain lacked exon 4. The cDNA appeared to be 
of good ojoaHry as GetermiiBcd by the PCR products obtained with tubulin primers. 
30 4. Southcra analysis 

Soumern analysis of chkxen p=narnk DNA using die 294bp PCR cDNA fragment as a DNA 
probe revealed two bands. All five genomic DNA restriction digests had two areas hybridizing to 
the cDN A probe. Bom bands appeared when tow and high stiiiujeucy washes were applied to the 

35 
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i of results 

1. 



5 We have isolated fnm a efficient 

and PACAP. Tha& btfac first report of an avian GRP. Bofli PACAP and QRF hdoqg to fty 
g hc ag on sopaftajfl y in which flat members have similar inrmn/gmn otguragtion an! seojaacc 
kfcahy. Par example^ me amino add tdes%tel«mGUcln(aaiairiPACAPis30%. This 
org Biinarirm in which both peptides ire encoded oo flic same gene is gimifrr to that in Ash (ace U.S. 

10 patent agpKcatiop aerial 
peptide separately. 

The association of chicken PACAP (cPACAP) with member* of a snperfiaruly inclndrng 
glucagon, secretin, GRF, and vasoactive intestinal peptide (VIP) is iliastrsted by a high i 
idendty between cPACAP and cVXP(Tan»tetaL. 1995). In comparing mRNAs, me i 
15 encoding the cPACAP region have 80% identity with the Kjckctides exwxting the cVIP regkm. 
This hi# degree rfidenrhylike^ 
cPACAP probe on Southern biota. 

The nucleotides of die cPACAP coding region are 92% identical to (he human PACAP j 
Ihe dednced cPACAP axnhio add seqoence is 97% identical to die human seqaerowiih die oi^ 
20 change being at position 2 where an IstfleociiKiasatedli^fiirandBii^ la contrast, die chicken 
GRF (cGRF) peptide baa tffliy 42% amino add iteflrrytohnman t 47% tomand76* tooapGRF 
(VanghanetaL, 1992). m divergence among species b n^ 
: identity of 68% between hnman and rat GRF. 



25 2. Altat»ttf»apiteh^pindnc « 3dtffcrad^B^ 

The chicken GRF/PACAP gene is composed of 5 enms. AH 5 exon kxations and 
utfron/exon boondaries were conftrmfd by isolating cDN A clones from the 5* and 3 * RACE 
reactions with adult brain cDNA (Rgure 5). However, in sequences of die PGR fi^gmente, we 
30 observed that the ntt^on/exoob^ 
The dominate baxDdaryccOTTsrt 

position 5712; and the third boundary shows Out cran A is lacking altogether. At bom splice sites 
nine bases Apart, proper consensus splice sites exist. Therefore, the chkken GRP/P ACAP mRNA 
transcript has splice donor sites tot encode a 43-amincHtcid GRP. Tie acceptor ate wis also dm 
35 to shift Sfcp upstream to encode a GRP of 46 residoes. The intron nucleotides at the 5' spike site of 
d*iot4, ACkGT(A)andteiast4m 

man* the fipto site cement 1986; Green 1991). 

This pan^tf alternative spito 
peptides. ThefbnctionofthcaltenBtivesp^ 
40 different length with, potentially, two diirerent functions. Recent evidence suggests that human 
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GRP^m in the cMxfcen may affect comarotropa difrertttiaricn in me exnbryonic chicirn pimitary 
(Porter etal., 1995) andmedevclofanei&of ddcfcr^ 

and Vanadate 1990). These effects on carry team development md ah^i^ ntmhifm iilm m 
fee pituitary may reflect an early role of GRP^, and/or GRP^* m avian systems. 
5 Tnc final mRNA transcript syfetsaed la a cDNA far enkfcen ORP/PACAP flat beta cm 

*, which encodes GRP^. the critical part of fee peptide is ftia^ttgbccw^aiia^mtend safag 
sequence as rfiamxiiallm 1984) 
Tlwiraportanceof GRP (hm^ 

prior to hatching. This deletion of extm four has been reported for cDNAa ritm three other family 
10 members (Parter et si, 1993; S^rjtfcwonetol, 1995; Talbot el aL, 1995). 
As a res^ of mis alternative splic^ 
ORP/PACAP gene* Ttey axe as follows: 

1. 'Poll length" cDNA (Seq. I.D. No. 2) encodmg 

ORP/PACAP precursor polypeptide (Seq. LD. No. 3) including 46 amino acid GRP peptide (Seq. 
15 LD. No. 4) and 38 amino add PACAP peptide (Seq. LD. No. 5). 

2. "Alternatively spliced cDNA f 1" (Seq. I.D. No. 6) encoding GRP/PACAP precursor 
pdypeptide (Seq. LD. Na 7) iocfafag 43 amrnoacid ORPpeptkfc (Seq. LD. No. 8)and 38 amino 
acid PACAP peptide (Seq. LD. No. 5). 

3. -Alternatively spliced cDN A *2* (Seq. LD. No. 9) encoding GRP/PACAP precorsor 
20 polypeptide (Seq. LD. Na 10) hrtmfing me nresrmptively ttm-ranctianal 14 amino add truncated 

QRP peptide and 38 amino acid PACAP peptide (Seq. LD. No. 5)« 

OH* and fee 38 amino acid PACAP are shown m Seq. LD. Nos. 11, 12 and 13, respectively. 

25 HI. Physiological activity of GRF/PACAP naircp^adra 
mammal systems st^^ 
the release of OH. Pox example, PACAP releases OH from moose and rat clonal {nmitary cell lines 
(Propsto-MtssafirietaL, 1992). and hnman GRP inmitea the reigasae nffM fawn <+ji*y-r\ rHttary 
cells bothin vitro (PerezetaL, 1987) and m wo (Scanes and Harvey, 1984). The ability of 

30 purified GRP and PACAP to stimulate GH release may therefore be regarded as a defining 
fanctiocal characteristic of these peptides. 

The ability of the chicta^ 
cmclcenproitaryc^ (iog7, 
mcoiporated herein by reference). The assay procedure de^ (1987) may aho be 

35 used to determine whether variant forms of the chicken GRF and PACAP peptides* prudoced as 
described in Section V below, retain fee ability to sfemdate GH release. 
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IV. Preferred method for making GRF/PACAP gents and cDNAs 

TTtt foregoing discussion describes tbc original means by which the chicken GRF/PACAP 
gene was obtained and aho provides the nacleotide sequence of flds gene and of cDNAs p rod uce d 
from this gene. With die provision of this sequence fafonnatian, die polymerase ghat* reaction 
(M^maynowbemBiztdfoamOT 
and die disclosed cDNA sequences. 

To imiplifytecDNA sequence^ 
described above. The extracted RN A is (sen used as a template for performing die reverse 
fransCTiption-potyineiase chain reaction (RT-PCR) amplification of cDNA. Methods and coriidons 
fa RT-PCR ire described above and in Kawasaki et aL (1990)* The selection of PC* primers wffl 
be made according to the portions of die cDNA whkhaxecobeainpfified. Primm may be chosen 
to amplify small segments of t cDNA ox the entire cDN A molecule. Variatka* to ampfificauon 
c ondition s may be required to ac c ommo date prfancra of differing le ng ths; sndicomkfcra tigBarc 
15 wefllmmtinfteartardaiedisc^^ For example, the open ladmgftame 

of the chklraGRFcDNAmolecnfem^ 



20 



prima 1 5' CACGCCGATtXK3ATCTTCAGCAAA 3* (Scq. I.D. Ha 17) 
primer 2 5' CCa^CCCOCTTGGCCATCAGGOA 3*(Seq. LD. No. 18) 

These primes are Bnistiattve onl*^ 

primers may be derived from die provided cDNA seo^a** m 

the cDNAs encoding GRF, PACAP ox die OTF/PACAP precursor. 

Atoen^rveJy, die gene sequence encoding roe GRF/PACAP precursor polypeptide <Le. the 
)or pieces thereof may be obtained by; 



asa 



V. Production of GRF/PACAP sequence variants 
It vrifl be appaieia to one sldBed in art 
30 and PACAP peptides may be retained even though minor variations are made to the nucleotide 
senjMomcacoolD^eieai. Thus, a nucleic add sequence conUte deafened Oaicmdttte to 
chicken ORF peptide, but which diflbs by itasra 

exact GRF cDNA sequence disclosed herein. Therefore, the degeneracy of the gaietic code further 
widens u^e scope of the present invention as it enables major variations in the nucleotide sequence of 
a DNA molecule while mamffiining dig amino acid sequence of the encoded protein. 

Par example, the seventh amino acid reddac in the chkta Unsis 
encoded in die GRF gene by the nncleodde codon tripkt AGC Because of (he degeneracy oftibe 
genetic code, five other nucleotide codon tripiets-TCT, TCA, TCG, TCC, and AGT-ato code for 
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serine. Accortfagly, tbe mclectide eeqoeocc of <fae ORF gcaeoicDrtAcopMbedia ns e d tt&k 
posliioa 10 any one of toe five codcos 

GRP peptide or the ftmrrifmal chaiacieriitics of ti* peptide, iv flrn rtrr gnflr aadvuk&Hg fn 
mcleotide coda* for poitii^ Based apon (he 

5 deseneracyoftegcnetfcoode.vixiamDNAx^^ 

tectacdhaeiu mlm standard DNA mntaaeimb tadnAme^ t* h» jfir— + ay^^^^ ^ 

DNAwpww*. 
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TABLE 1 
The Genetic Coda 



First 
Position 
(5' end) 



10 



15 



20 



25 



Second Position 



Third 
Position 
(3' end) 





; T — 


r 

W 


K 




6 








|Phe 


Cor 


Tyr 




Cys 


; 


T 






Phe 


Car 


lyr 




Cys 




C 


T 




Leu 


S©r 


Cf nn 

otop 


vocn j 


Stop 




A 




Leu 
1 


Ser 


Stop 


(anb) 


Trp 


G 




|Leu 




nis 




Arg | 


T 






Leu 


iTiO 


HXS 




Arg 




C 


C 




Leu 








Arg 




A 




ILeu 
1 


Pro 


Gin 




Arg | ( 


G 




|lle 


Thr 


Asn 




Ser. | 


T 






lie 


Thr 


Asn 




Ser 




C 


A 




He 


Thr 


Lys 




Arg 1 




A 




Met 
1 


Thr 


Lys 




Arg | 


G 




1 


Val 


Ala 


Asp 




Gly j 


T 






Val 


Ala 


Asp 




Gly 




C 


G 




Val 


Ala 


Glu 




Gly 




A 




|Val (Met) 


Ala 


Glu 




Gly | 


1 


G 
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TABLE 2 

The Degeneracy of the Genetic Code 



Number of Total 
Synonymous Number of 

Codons Amino Add 



Corf O DB 

is 



6 Leu, Ser, Arg 

4 Gly, Pro, Ala, Val, Thr 20 

3 He 

2 Phe, Tyr, Cys, His, Gin, 

Glu, Asn, Asp, Lys 

1 Met, Trp 

Total nunber of codons for amino acids 

Number of codons for termination 

Total number of codons in genetic code 64 



3 
18 

61 



AddMonaUy.standari mutagen^ 

vary m amino add seqpeiwaxmi Ae«sclo^<niF«iidPACAPpqi^. Such variant peptides 
include those with variations in amino tcid 



While the ate tor introducing an adao add sequence variation iaj 
naatmai^wa^ootbenxdetttmiaed. tooampfc, iaoriertotmihiiaBtepM fcamaiKe cfa 
t a given aim, random mntageoesb may be comtactodataetai^codoaoriegkBiaiBlae 
1 foe die optimal c omMiwtfam of desired activity. Tedmkmeafor 
tpredeteminedtitesmWAlundngakno^ 

; are wefl known. 

In order to maintain the ability of die GRF/PACAP peptides to stimulate GH release, 
l«fi^pgdfcv»riaiitewa differ by oifr^ 

PACAP peptide sequences disclosed herein. Preferably, such variants will be ami™ add 
sobstimticas of single residues. Sobsttanional variants are tbose in which at least <me residue in the 
amino acid sequence has been removed an] i different residue inserted in its place. Such 
adsimtionsgeneiaUy are made ^ 

modulate the c haracteri s tics of the protein. Table 3 shows amino acids which may be sutetituted for 
an original amino acid in a protein and which are regarded as conservative substitutions. 
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TABLE 3 



Oriainal Rpsirtii*» 


conservative Substitutions 


Ala 


ser 


Arg 


lys 


* — 
Asn 


gin, his 


Asp 


glu 


Cys 


ser 


Gin 


asn 


Glu 


asp 


Gly 


pro 


His 


asn; gin 


lie 


leu, val 


Leu 


ile; val 




arg; gin; glu 


Met 


leu; ile 


Phe 


met; leu; tyr 


Ser 


thr 


Thr 


ser 


Trp 


tyr 


Tyr 


trp; phe 


Val 


ile; leu 



Sobetaotial changes in imnmrntopad and tenctiami identity are nude by selecting 
substitotioiB dial are less conservative dun those in Table 3. Le., selecting residues thaU differ mote 
significantly in their effect on maintaining (») the «tn«^affl«po^pe|>ddeb«cttoneinBeneaof 
the sabstitnian. fa example, as a duet or hefical c taafiaanatioB , (b) the charge nr bydn ipfao ba ' ty trf 
tbemotadeatdiel>r8etciie.or(e)aeWkoftte^di^ The substitutions which m general 
are expected to produce the greatest changes in protein properties will be fhoee in which (a) a 
hydrophinc nados. cg..strylar threonyl. k substituted for (or by) a hydrophobic residue, e.g.. 
lew^,isole«c7i,iaienyhlaitf^ 

othernaddur,(c)arc8kfaxh^enekctr^^ or Iristadyl. 15 

aO)Ote^ (or by) an etectt»eg^ ies^ 

a butty side chain, e.g. , phenylalanine, is substituted for (or by) one not having a side >*«;„ «,» 
glycine. 

Tte present invert to encofflpaasa 
herein bat also peptides which arc derived ftwatfwdisdo^im^ 

aiimuate the release of GH from chicta ShnDarty die scope of dteinvertion 

is not limited to te precise nnckfc acid sequences disclosed. 
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V. 



for expression of GRF/PACAP peptides tn 



With the provision of die nucleotide sequence for the ductea GRF/PACAP gene and 
*ide sequences encoding the individnal chicken GRF and PACAP peptides, this invention 

ORP/PACAP ptecmsor polypeptide, (he GRF peptide or the PACAP peptide (as well as variants on 
these sequence!, as described in fee preceding section), R* example, me nucleotide sequence 
depicted in Seq. LD. No. 2 may he selected lor expression of die fun length cDNA encoding the 
CmP^ACAP^ precursor priypeotide. whereas the seqoeoce shown in Seq. LD. No. 12 nay be 
selected for expression of GRP^* alone. 

T^exprettionofiheaeopeaitadingfrain^ 
ittodnctioa of die ORP into a vector finch as a ptesmin>,insBCha^y(|iat<he01tfisoi«enrt»ly 
linked id regulatory sequences to direct transcription of die ORF. The teomntiitant vector is 
irtiwbced into die «dec« 

eipn^tf the OPJ and product Methods for expressing proteim by 

leconl^ rneaw eomnafflile prokaryo^ 

are discussed, for example. foSambrookctat. (1989) andinAnsohdetaL (1987). 

Tie mott eoaimoiily osedpretayoA 
Ptolaiyotes, snc* a. ItodBw si*<tlf « 
to eipie^ k a host, die selected OR^ 

Methods for expressing large amounts of Piwetofnin a cloiied gene introduced^ 
(E.flol^nuytieim^zedfarthepiirifkatioaofdiepepdde. Medmds and plaonid vectors for 
produciitg fusion iroteteaMnmKx 

(1989) (ch. 17). Such f»on proerins may be nmk m large aao^ 

meda produce anfflwdica Native proteins can be produced* bacteria by placing sarong. 

regulated promoter and an cifkientnlxMonKhinm Iflowfcveb 

of protein are produced, additional^ 

of protein are produced, iierification is relatively easy. 

Often, jmMriM expressed at h?gh levels an? Mettodsibr 
extinctiiauoteimfiomdieseagBregatM vector 
systems saijaMe for me expression of 1^ 

(!»)), pBXl-3(Staok*andL^ vectors 
sttitaMefbrtepiodiictioaofu^m^ 

(1981)). PXK177-3 (Amam sod Brosras (1985)) and pOT-3 (Snauar and Mof&tt (1986). Polos 
piwemsinay be isolated from p^ 



MsmiMiian or other cukaryotic host c^ 
insect, anmfaibian or avian species, inay also tie naed for jnwem expression, ask 
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art. Examples of commonly used maTmnalisn host cell lines are VBBO and wm „ ritiw^ 
banister ovary (CHO)ceUa, and WI38. BHK, and COS cell lines, although it win be appreciated by 
^akilleopmctitkmertbatomMpr^ 

for a variety of proposes, e.g. t to provide higher ciwa ai fan. degfaatte grycosyt^ patterns, i 



.or 



inlntmlI^B^c^dle01U'seqn^m«ybe^eattrftobaclul^{ W 
piomar^soca as me SV40 promoter in 

introduced into cells. neb asmoke? COW eelb(ataman, 1981). aac^Bata^orloi^ 
term expression. To sxmevo mis, 4eORPet-ainlidgaie(acI>NAwMianioiioaaiaIteowB 
Promoter) is hsmxhxcd into enkar^^ tadrnkroes. line 

vectors are design to pc^tretranwn^ 

nsdatarywraencesth^ Vectors coiaufflng the 

promoter ad enhancer regions of me SV40 cr long tenninal repeat (LTR) of Rous Sarcama 
vims and pdyadenyUtkm and splicing ^fcomSV^arerea^wrflaNeCMnn^eaaL, 1981; 
Gorman etaL, 1982). Thelevelof eapresskmof fcedJNAcanbeir^ 
vector, cither by using promoters dot have OamaBthte(breitt V fe,tetealo»kMfAC373 
can«aimaacDNA8atU8blewlato&Jh««p*n^ 198?)) or by using 

vectasuutccnuun printouts anx^^ 

promoter from me mouse nummary annorvirns (Lee etaL, 1982). 

In addition, some vectrmccriramse 
1981) OTnCQ (Soomeni and Berg, 1982) bacterial genes. Tr^selectabkniarkropenrdt select 



ofaararecttdceruBmeri m.tt gta tle .long^ 
taodacedORP). ^vectoacanberrahnuinedrnttecete^ 

by using regulatory dements of viiustt6ttmaapapiBontt(SarwetaL, 1981) or Bpstrfn-Barr 
(Sugdenetal., 1985). Mtatg^.^cm^ito^emn^^h^ hat^ M^yeetar 
into genomic DN A. Bom of men types of cell lines produce the gene ptodncttmacmstmuoufaasis. 
One can «topro*««aiir« mat lave ani^^ 

of the QRF as well) id create cell fines that can produce Mghleveh of the gaie|in^ 
1978). 

Thn traasfcr of DHA mto euanryodc, mpartkalar human or oflicriaxBmiarlan<^ is now a 
conventional trdamjue. The vectors arc introduced into me recipient cells as pure DNA 
(«"Bfa^by, forexam^ lm) 
or sowthmt pbosplste (Bra* ei ^ 

(Feigner etaL, 1987). DBAS dextran (McCuman et al., 1988), nt'-Hnjrrrlan (Mueller ct al , 
1978), protoplast fusion (Schamer. 1980). or pellet gnns (Klein et al., 1987). Alternatively, me 
cDNA canbe introduced by infection with vim vectors. Systems are developed that use, fig 
example, retroviruses (Bernstein etal., 1985), adenoviruses (Ahmad et al. . 1986), or Herpes virus 
(SpaetectaL. 1982). 
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This tnventiinjencnmpaasesm part, rec^ 
. or oortioDs thereof. T**CWACArtcq*iubt>paa^iUktiiatevtttoto 
txpnaioa emtio! sequence in die reconibiaant ON A molecule so flat OWVPACAP pah*peptide, 
or a poro^fljem* can be expressed ma host ceil. The exprssicmcawroJ sequence may he 
selected from die group eanristing of sequences flat caftolfl»capieitaafgMofpinfai)QtfcQr 
eoSoryotk cells ml their viruses and comWmnnas thereof. The expnsaioo control aequea* may be 
specifically selected bom a wide grots of <±maaktdit8d^mpa^hslaattga*kc 
ayatcm, die op system, the toe system, (be 0c vaa^t^oftmat^tnmmt^amiatbagc 
taBbd«. d» eoi^ legion of « «bi laoteln, die ea^ 
derived tiom polyoma, adenosine, r^ 

S- fhow p ho gtycerate kinase, the promoters of yeast add pbosphtfase, the promoter of the yeast alpha- 
t factors and combinations dtoeof. 

Aaomer aspect of die preset* notion is a host cell coataiiahgarecombuatttvecairwhicb 
i the GRF/PACAP prccarsor polypeptide or fee ORP or PACAP peptide. 



The ddtdM OBP/PACAP laacnw irtwcpd* 
may be purified from host cells as described shove. Alternatively, i 
20 synthethed nana common neatide nrrfhesk mrfintq^ 

is described in U.S. Patent No. 5,326,860, wliicfa is nxxapoiated herein t^itden^ 

Once purified, these peptides may be incorporated into skjw-reteiae fotmuhutons far 

tochkto. Such fbranrianona lactate the notified peptide ■«< » i*™^^ mitT j T 
aa cholesterol. Stow release formulations may lake the fbnn of pellets, whfch can be 

coianeoosly.ormayoeprepaiationssuitab^ The dosage of peptide 

admmtaered wiB vary wife the predicted speed of release a the body, hut will be in (he 
aamjpxiiiiateiangetfl,»g-100n^ -nag, tnaootk, a pellet for aohemaaeoos 

administration may be prepared by combining 30mg of powdered cholesterol with Img of toe 
selected peptide and compressing die fonmdalim 

pelleted alone or in combination (eg. pellets may be made t^Jua purified ORP, or wimGRF 
combioed with PACAP). Rnmdsaoaof pe^iao slow release pre|«atin»inarte 
to standard techia^ or nuy be fieifciiiiM 



Vm. Production of antibodies to CRF and PACAP 

Monoclonal antibodies may be produced whldi land the cluito OW»/PA(^ precmaor 
polypeptide or the individual QRF or PACAP peptides (referred to as flic target peptide"). 
Optimally, antiboolea raised against any c^^ 

against which they were raised. That is. such antibodies would reeopro and Mndth* peptide and 
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wcaMttrfsofagaitfalfr The deternnnation 

bamuno a fisay methods; fa instance, ftp Western blotting technique (Satabrook et al.. 1989). Rff 
esampk, to detente 
5 specifically detect! tocbkfaGRFpcp&tyWcs^ bkMfa s, 

from chicken cells (for example, gonad ceHg) and efccntaJma**! nn » ^j^i ] 

poiTKriflaznidegeL Tte protein are me* t^ 

!* Western Wotti*, at* ^ Atorwadawj 
dsmqnlgme to remove pp^^ 
10 «totobta^bym* 

teams in me production of a dense hy imfmr^onraiw^ a m ne 1^*^ ^ 

A*fr°towhkhsr^ 
OIF peptide taad (which wffl he 
weitfir). Non^ecifirbindh^cfutta^ 

tweak signal on me Western blot. Tbtnoo^dBcmattoi mVb^vmbtncogmuAbfoat 
aiilWmtheartbytoweaksign^ 
signal arising from the qecfcw&ottfmPvcpfatidfa 

Substantially pare target peptide suitable for use as an immunogen is isolated from fee 
b*nsfectedc?trusmmnrt Omcenn^tiontfte target p 

preparation ia adjnsted, for example, by cenrrmnrion on an Amicon filter device, to die level of a 
fi^milfignmiapermmifiter. Mc^OomI analx^ to 
follows: 

Monoclonal antibody id epfemes tf me target n^ 
he prepared from marine hyhridomas accenting to 
(1975) a derivative mettods Briefly, a niciise fa feprt^^ 

micrograms of me target peptkfcovcraperkrfofa fi^ weeks. Ihenu^ tstrjensacxirkcd t and 
teara^iodHawaic^ The spleen cells are rosed by means of 

iwffyemytoertfcolw^ 

me system ca selective oie^ The socccasfclry fused cete 

are darned and a&mots of the alhtiott placed k wells rf 
cnhnielseoimsiied. Aia1bodyi>nxh«di3gc4oneaa« 

aq)ernatantflaklofthe wellsby t r nrm nra asa y procedures, snchas BUSA, as originally described 
by Hngvall (1980), and derivative methods thereof. Setoedpoalrvedr^ 

production me described in Harlow and Lane (1988). 

Monoclonal antibodies raise d a ga in s t the chicken PACAP, QRP or PACAP/GRP precursor 
peptides are useful in iwrifyh* these j^cpto 
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standard taocbcmical tecfanqpes (snch as r a rtmmimii i ii a wg y, RIA), Fox exaim^ t die anybodies 
in^ be iirf eo qoii^ kvds of PACAP « 



5 IX. IntrecfaicUoo oT CaiF/PACAP geae Into pcaftry 

fcvds of GRF and/or PACAP. Ai^eijHes^todeai^p 
described in Section V above. It may be desirable to produce a construct expressing tbc 
GW/PACAPpolypej*^ 
10 «^<HU»/PACAPge»|maio» 

in d* same cells airf at mc same deve^ Tbfamay 
beacbicvcdt»ycpciaMylmain^ 

mKk^watomlu>dV74<XfScq. I.D. No. 1) to the selected ORF. While nucleotides 1 to 3074 
«ta>wn to include regto 
15 m<hemwfflatoie«ogniiemata 

gcneapressioiL Similarly an or part of the mc^^ 

GRP/PACAPgeoe(repra^ to 6529 of Sea, I D. No. l)may be 

operiUy finked to me 3' end of me selected ORR 
W^oTccaatitativelevA 
20 GRF/PACAPconstroctainMikhto 

ffi^m^ievdorcansttattStee Promoter sequences 

employed. 

These reccnimnutt vectots can thmbetntrodocediitodikken^ Standard methods of 
25 pnxtadn* Qamgafc 

bmiossiMetoobtahBsm^ 

are bid is eggs. Recently, new approaches nave beta developed, includn^ 

methods (to « al. 199© PGC, 

aretepreOTTOistocwajdspen^ 
30 to me genital ridge w!^ mey settle aM temam m me PGCsmay tnnsbe foundinme 

bloodofcfaktoeffltayos» and 

cccstrnctsn»ybeimro<acedh^ 

hortcoibryos. Tbehcrfemhrywaiemeniiw^^ 

age. IbesechicirawiUbaveeilna^ 
35 ^conventional 

(me presence of me construct can readily be detected na^ Btaafard PCR (tcfaxwroes). Succcssfol 

txain^rfPOCsfi^caechktotoanote 

(Naitoetal., 1994). 
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15 



30 



25 



30 



Accordingly, me present inveodoii includes recombinant DNA mnh-m^ that include 
«*nraeacodii«cniesenGRFoTPACAPp 

vcD as oningenlc non-human anmials vmsrin the genome of these animals includes such a 
reenmbbttnt DNA molecule. 



35 



Cloning of related am ha . 

TOa mvn^ provides me mdeodde s^neittofttednetaaatf/PACAP gen*. ■« well «• 
taxy sequences associated wjuj this gene. These nur l mtwlf sequences may now be used to 
mtspending tnd related sequences from other species. For example, me dncktn 
CauVPACAPgwseaamceiiaybeused^ 

innpe^vaeBlSmodiara^qpedec.aBAaaftiAey. Related avian neuropeptide genes may 
alternatively be obtained using primers derived to itoae4BeBixanimdBdlneiB,iacoijutt^ 
with Handera gene ampHflratim tecfatianes, Hybddiation probes and aniplifl^ 
in such techniques and derived from me disclosed i 



By wayofeaample, related avian neuropeptide geneaaiay be obtained by cxeaimg a IBmny 
of avian (DNA or genomic DNA in a plasmld, bacterii^mage or phagemJd vector «ri«c«nh« mis 
fibtaiywimahylrtlbjrtim Ttehybridnanai 
pwbe consists of an oligonucleotide derived from me cUckenGRFyPACAPgewseonve labeled 
wima s uta M r m at ter to cnabfcdetc^ SuitabteinaacsHittdude 

i as P-32 and iwo-raxficactive markers, such as ttotin. sfethods fry constructing 
of ongomcleoude probes and colony hybridisation are 



eh as Sambrook 
ct aL 0989) and Aiembel et aL 0987). 

Having identified a clone msxbybridns with tneoBgaaBdeonde. tecloiKiasemfflosd 
^ standard inedjodssaciaadcaaibedm^ IfctennJartionof 

me translation mmation point of die DNA seqoence enables (be open reading fisme of me cDNA to 
bet 



An alternative accroach m clariny prre hom/O^*... ^ rhirlmi mrlrntkU 

! is me use of me polymerase chain reaction (PCR). m particular, memveae polymerase 
chtm reaction (IPCR) ia useful to isolate DNA sequences flanking a known seqnese. Metbodafi* 
anmlift ca tiOT of fiankmg sequences by 1PCR are (199 ^ 

Aawrdmgly, within 6a scope of das invention are small DNA molecules which are derived 
from me disclosed ririrkm nnrirotide sequence. Such small DNA molecuks include 

able Sir use as hybriaiation probes or polymeaBe reaction (FTP) 
Ito ore m gene snrotification techniques. Ifaese rfisnnnrlfiotideg will p^fr^^y ,«mpi«. g 
i of at least 10-15 nucleotides of me chicken sequences shown inSea, LD. No. 1 or 
me eabnoa seque nce shown InSea, LP. Nos. 8 or 9. For tn as hybridisation probes. 
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^igmnr^desw^ 



10 



15 



ue nucleotide sequences wfakh ire homologous to 

frigmeot thereof, coder stringent hyfrrkfaitfon conations. H?tKkfi^oncQ«Btkimf «^f^ «i 
p«ti<adar degrees of gtriqgenc^ 

etoiceandftecanpcMi ito n snrt tfngfoof ftehyhrk^^ Oeoerally, the temperature of 

bybr«to*»aalteto amcrntrati™) of ft* hyhrwW^ ^ffa 

wffl determine the ttri^^ Caln i htfmB icgmtiqg hyfaridigttkm conditiom 

chapters 9 trill, Ivceb izrorpoatBd 1^ refereiEe. By way of tifastntioaoaiy, Mhfrdtiz&sm 
c^crimem inay be perfanned 
his been eterojtotse^ 

1**). Hybrifeatiaa^ 
sohztioo of high iooic strength such as tixSSC at a temperature that is 20-2VC below the melting 
ts^npexaane^ descc^bed below* Pur floch, Soofhoo hybridization Terpen iiy iab where o^c ter^^t 
DNA mokcok on Ac Scmnem Mot caftans 10 ng of UN A or more, hybrttatmistypkally 
canied nt for 6>8 bans oaing 1-2 ng/nd ndktbbefad pitifae (of specific tcdvity eqoti to 
20 10* CPM/ W or pester). Pano^fcyfaidizatiaa.fe 

bacignwndhybridfaatkm. TtewB^eoadtoBshouMbeasarh^Mpos^toianove 
hackgromxl hybridization hot to retoin > specific hybridization signal. The term T m represents the 
«anp«to«bove«ttcb,ra^ 

Brthjbrioae to its target DNA nokaile. Tt« T. of a hybrid mda^ may be estimated 
25 to fcIk>rti*eomuiQn (Bolton art ^ 

r B <- 81.5°C - 16.6Xtog»INa*D + 0.4I(%0+0 - 0.63(* fannamide) . (600/0 

Where i «= tbe length of (he hybrid in base piirm. 
30 Toiteojatkmfe valid to concentra^ 

accurate for calculations of 7; in solutions of higher [Na + ]. The ea>San is also primarily valid for 
DNAs*^G+CcotfentBmtoiaiigeof30*to75«,a^^ 

IWnodeotito in length (tebe^ „ of 

SaahraokctiL, 1989). 
35 TtaB.bywayofexampk. faalSObasepakDNAprobeomv^ 

the chkfaa GRP/PACAP preconor polypeptide geie (wito « hypotbetical %OC - 45%), a 

catailanon of By briiBnnoncoBdMnoa rcqntod to give particular striageaefca may be made as 

r Jt ti.>-.— 
JOttOMK 
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For this example, it is named 0m die ^wfflbc wa^in0.3xSSC8olmionfatow!i« 
hybridization, thereby 
[N»*] -0.045M 
«GC-4S« 

Rgnmide coocefloarioo » 0 
I = 150 base pairs 

T. « 81.5 • leXfcgafNa'D + (0.41 * ^g 0 ® 
andso7 a -74.4*C 

Ibe f. of doobiM&BDded DNA deeitm by M.5*C with every 1 % decrease in homology 
(Bonner et H., 1^73). Tlteitfoie, ibr to 

59.4-*M°C win produce * stringency of hybridation eqsrvaleni to 90%; flatly oHgorxicleotides 
wifli more flan 10% Becjoence va ri atio n irtelf ve to d>e target scoBgoce win not hybridme (soch 
hybridization coafiiions may be referred to as •coofitioQs of 90% stringercy"). Alternatively, 
w»riiii«thelrybrir*^ 
stthweacyof94%(c«io^ 

sequence variaiica relative to The above extm|)ie is givea 

entirdyby wayof tr^n^ illriftrtr^ Ok stilled in to art wfflappc^ 
h yhri fcatkm tectanqaes may be etOkcd and flat variations in a pgrfawnfr i r^fMom wffl 
necessitate alternative calculations for stringency 

Hie ftjfcw^i invention* encorrrpftsges mdoc arid mnfrrofes which hybricgzB to fee apecire 
n»to acid mokcuks pieaena^ 
stringency. In preferred enAodimeots of to 
v^DNAjnokctdcawiA 

bybtkfize. Socbhybiidlaatloncond stringency. La a more 

prefix cmbodnr^ 

10% mismatch will not hybridize (cratirjoos of 90% stringency). 



WO 98/32857 



PCTTCA98/00033 



BcfCROcts 

Ahmad et aL (1986), I, VimL yj-?fi 
5 AUctaL (1978), L^taLOlfflU 252; 1357. 
Amaxm and Brosto (1985), Jkttdfcl83. 
Arimnra, A. (1992), Py, 22:287-304. 

10 

Anafcd et aL f 1987L Current Pmtrw^t hi ifri-^- ^rrtr mtTiirlliTUT andWIlu 

ImciBcieacc: New York (with petiafic updates). 

Bernstein et aL (198$). n«i Bnyr'y 2:235. 

13 

Bintixrim, M. (1983), MettQdftJiBqnifli Iflft 243-235. 
Boteaand McCarthy (MfiZLlW lfart a~h USA 4ft 1390 
20 Bomer etaL (19731 1. MrJ «rf 

Bra* etaL (1987), MfiLXtiLffiQL12013. 

Campbcfl, R.M. and Scanea, C.G. (1992). fim^^ 2:175-191. 

25 

ChomczynAi, p. and Sacdd, N. (1987), Ami ffigteB lffi:136-159 
30 Culler, MD. and Paschall, CS. (1991), ^"^"lnni U2?2260-2262. 
Denver, R.J. and Ucht, P. (1989). 1 Rrp 7^1 251306-315. 

35 Deovw . P. d»l). Cam ttlnrtrm PtaaoL 10Q:6CM06. 

DiCkco^Btam, B.M. (1994), Pituitary Adenylate Cyclase Activating Polypeptide, Pmwmrf^ 
^AnrnalMrfimyofllr^^ 

Dirfacnet aL (1994). I, ffinl, Oca 2*9:6431-6436. 

40 

Mgner etaL (1987), Pmc> Hart AradJfcUBA J&7413. 
Rrohman. M.A. (1988), Pme am a^ m pftft S:9m^XXL . 
45 Qrasti et aL (1986), 1 faga 2:497-501. 

Qannan (1981), Gfl 23; 175-182. 

GonnanetaL (1982), Pte. HaH ^TffiA 7ft*™ fTft1 

50 

Graham and vander Bb (1973), Vimlnyy W df* 
Gray et aL (1982), Pro, Nad Ami Sri TTSA 29:6598. 
55 Green, MR. (1991), Anrm Brv OH Bird 1559*99. 



20 



30 



WO 98/32857 ^ FCT/CA98/D0Q33 

Quo ct a. (1991). QncaanuPcYti,. £2096-2107. 
Hannibal, ]. and Fihrcakrug, J. (199$). to* fc^ 5£;111-115. 
5 Hadow and Lm (1988). AntihndiBL a i^t^tn^ x*—,i MnTlTTn . LltlMIUniJ Mtni 

Hart, OR., Gowing. H. aad Burin. J.M. (1992), I b«w^.i 1^33-41. 

10 Harvey, S. (19901. J. Endocrinol. |2S34S»3ag 

Hob, O.S. andHynea, 8.0. (1994), Penes «ndnevri, & 1561-1574. 

Ka*aaaaietaL(1990). In PCR Prntncnk A OnUh- «» m, ^, an H Appii^...^ , inrf. „ ,i 
IS (eds.), 21-27, Academic Press, Inc., San Diego, California. 

Kenton, S. and Veondakis, A. (1990). Brain Rra 312:297-303 

Klein ct aL (1987). Nume 1TJ-7f) 

Kohkr and Milsmln (1975), Manna 25&49S. 

Lee et aL (1982). Uatoa 221:228. 

Linn at nL (1984). BjflCBBa Bionlw. B« Cn^mn, 223:854461. 
Loo, D. and McKeown, B.A. (1989). b..-1..umHu 4i577-580. 
Loom aL (1990), flen pimp flntadaaL 80:288-298. 
Malagoo et aL (1991). Gm. Cnmp, FrtoairaL. 84461-469. 
McCutnan et aL (1968), i HULCaflBglna 41 <a<1 
35 McRory ct aL (1995). M«l rvn 169-177. 
Moretti et aL (1990). "~^~^yr 12L21 17-2126. 
Mueller et aL (1978), C$11 12:579. 

40 

Mnlfigan and Bog (1981), Pmc fchfl, Ap«h tka 28:20724076 
Mnffis etaL (1986), m.^h^^ 5J;263-273. 
45 Murakami et aL (1995), Ecfc_EEBL. 5&3540. 

Naito ct aL (1994), MgjBBllg "r**" 1 "" ivA ff pvetopniem W-iatxi 
Neumann et aL (1982). BMfiXLL 1:841. 

50 

Padgett ct at. (1986), . Aim. Rev, Binctem 35:1119-1150. 
Painetal. (1996), Dpajpgnatf 12233393348 
55 Parin et al. (1993), i Bfav*^» 21*439-448. 



WO 98/32857 



-27- 



FCITCA9W00033 



10 



PaOeu. B.M. (1964). la- Rmirfarinns of Erahrcnlofy pp22S-264. McGraw-MIL Tdtatto. 
Pete*. F.M., Mabmed, S. and Scam. CO. fl987V Q«m flm, BmtoaB»I ffr'"ff m 
Peace et aL (1996), Qathgmfla, 122:215-221. 
Peter ct at (1984). I. fig. Ztwt , 23L161-163. 
Porter et aL (1995), w«w-ihi«*ipu 12& 1850-1856. 
Propeta-Mossafiri ct aL (1992), I Bntadml 121107-113. 
RawfoW. S.R. and Hemic*, M. 0996). ^~«~-"~°- 12,-4-29. 
IS Ktviet ct aL (1982), Matte (Loafan), 300:276.27a 
RobtesedactaL (1994), PepMt* J&661-665. 
Rotter et aL (1983), BMBQI 1-1701 

20 

2nie4. Cold Spring Harbor Cold Spring Harbor Labojatory Press. 
M San « et ' F - Nfcu «. S. ««l CoBtaa, A.R. (1977). PimcNai AcH sri /rp^ 24:5463-5467. 
SarveretaL(1981). Mftl. ficfl Bid 1:486. 

Scares. CO. and Harvey. S. (1984), Oct Cnmp Bn^n^ ^J9*2Q3. 
30 Scfaafi*r(1980). Pmr. K«rt Ar^ <^ rr-^o^- 
SeBUgkwonetaL (1995), BrfuataiflSX. U&2602-261Q. 

„ a»w»d « »!• 0994), In: PM) Pfrwinlnw N.M. Sherwood and C. Hew (eda), U-3-66 Academic 
33 Press, Qnando. 

Shmatake aM Roaccbcrg (1981), Majutt222;128. 

SnaoetaL (i994),Pntmm(Tff 
40 Bca^I%jrida, 1994,p870(absflicO. 



45 



Souhcua, R (1975), 1 m ttmj jfl; 503 
Soutoi and Bog (1982), I Mm Appi L327-341. 
Spaeteetal. (1982), Cdl 30:295. 
Sfeaky and Luzio (1984), EMBOLI 1429. 
50 Staffer and Moffatt (1986), 1. Mni ffid, 182: 113 
Sugto et aL (1985). Mm QJ mm £410. 

55 (Bds.) 21319-328. Cold Sprmg Harbor Laboratory Pros, Cold Spring Haibor, New Yak. 



WO 9802857 



-28- 



FCT/CA98A0033 



Tacto, JL and Goridia, C. (1991). Bmimi iw £1416.1429. 

Talbot ctaL (1995). LUl&JsdlBbxjL 1181-91. 
5 Vale et al. (1983). Bahgjaflgg 112:1553-1355, 

Vngban et aL (1992). *fa«*»*» ngfogy 5& 539-549. 
Q W«*W*. A.. Tanks. K. aid Stem, Y. (1993).tauaUkttL. 2:407-418. 

X», R-, Teng, J. and Cooper, T.A. (1993). MnLXriLBfflL, ii 3660-3574. 

Zabler et ii. (1992). SRPtoafaK QnM &S37-847. 



WO 98/32857 



PCT/CA98/D0033 



SEQUENCE LISTING 

<D GENERAL INFORMATION 

(t) APPLICANT: SHBRBOQD RT AL. 

5 (ii) TITLE OP INVENTION: CHICKEN NEUROPEPTIDE GOIB USEFUL 

FOR IMPROVED POULTRY PRODUCTION 

(1U| NUMBER OF SEQUENCES: 20 

10 <lv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Klarquist Sparkman Ca«*bell Leigh « 

Whinaton, LLP 

(B) STREET: On* World Trade Center 
15 121 s.W. Salaon Street 

Suite 1600 

CO CITY: Portland 
(D) STATE : Oregon 

(ft) COUNTRY: United States of Anarica 
20 (F) ZIP: 97204-2988 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Disk, 3-1/2 inch 

(B) computer: IBM PC compatible 
<C> OPERATOR SYSTEM: MS DOS 

25 (D) SOFTWARE: WordPerfect 7.0 & ASCII 

(Vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 08/789,329 

(B) FILING DATE: 01/23/97 

(C) CLASSIFICATION: 

30 {Viij PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATS: 

(Vlii) ATTORNEY/AGENT INFORMATION: 
(A) NAME: Barp, David J. 
35 <BJ REGISTRATION NUMBER: 41,401 

(C) REFERENCE /DOCKET NUMBER: 2847-4 6468 /DJB 
(ix> TELECOMMUNICATION INFORMATION; 

(A) TELEPHONE: (503) 226-7391 
<B) TELEFAX! (S03) 228-9446 

40 

(2) INFORMATION FOR SBQ ID NO: 1: 
U) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6529 bp 

(B) TYPE: nucleic acid 
45 (C) STRAMDEDHBSS: double 

(D) TOPOLOGY: linear 

(Xi) SEQUENCE DESCRIPTION : SBQ ID NO: 1 : 

tttttcccac agtaacaatt ctggttgaaa taataaaaag gattattttt tggatatgtt 60 
aaatactgaa attttgattt ttggactctg gtgtaatttt ttttcctggg ggttccttgc 120 
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taccaagtgt aagtatatta ttgacttttg 
atttatatat ttggggtgtt tctetgagat 
agcctcagca agacttgaga tcaecctaaa 
atccttgagt tagccttctc tgatgtttaa 
5 gacacaatga caaggaaggt atgagcacag 
actcagataa aataaagetg ttgtcaataa 
aagtaagtaa etctgttctg aatatateta 
gttcgtgttc tggaccaggg attgcgtggg 
ctttcttcaa attcrfccagtg tagaatgttt 

10 gtaaatacag gggtataggt ttaaagttct 
aeagagtttg gagaaaagge aatctgcatt 
ttcttcatgc tacattaaaa gctteaeaag 
gtgaacagcg ctattagtca ttacactcaa 
aagaagcagc agtagggaga gctgaatcac 

15 atcatttgca ctgctgttct ggaacacagc 
aeaaaagttc ccaatcacgg gtctcgagtc 
caattcgaat atagtgagtc gtattacgcg 
gactgggaaa ccctggcgtt acccaactta 
gctggcgtat agcgaagagg cccgcaccga 

20 tggcgaatgg gacgcgccct gtagcgctca 
ggctccttta ggtteegatt agtgctttac 
ggtgatggtt cacgtagtgg cctaegccct 
ggagtecacg ttctttaata gtggactett 
cteggtetat tettttgatt tataagggat 

25 tgagctgatt taacaaaaat ttaacgcgaa 
ggtggeaett tteggggaaa tgtgcgcggg 
aaatatgtat ccgctcatga gacaataacc 
ttaeaatgge gaagaaaact atacatcece 
ccaagagatc gatgtcaaga gatcgcctag 

30 aagtataeaa gaagaattaa ctcaatgtga 
ctcctaccct ctgatctggg cttcttecta 
tcagcccttt ataagagtgt gattttagee 
gtcggatact gtgggttcag taccgtgcat 
ageatgeatg ctagctagct attetttatt 

35 gtttggatfct tacgacgtct tgcatacgca 
cctaaactaa aaataattaa gcccattact 
tctttgcaac tgagcaaaag ctgtccttca 
attagtgaac agcgctatta gteattacac 
cctgggggaa gaagcaggag taggggagaa 

40 taatgaaaaa gctcattaat ggatgctgtt 
attaaaaaga tgacaaaagt tcccaaggac 
gccaggacat tgcaggactg aactttctct 
agaggaaatg ggatttgtec acagtaacca 
tctggatatg tttaaaatac tgagacttta 

45 tttccgatgc tagcategat gctagetggg 



aatccgatgg gcttttagaa aaaggagtta 180 
atttcactcc atgaaaacag atttcttcta 240 
atgtatgcat tgttcttgtt ttccataagc 300 
atgtagggag gtgaccagaa tttgctetga 360 
aattacagaa agggaaaaaa tacatattct 420 
catgatttat tcaaaetcct catctatggg 480 
ctgtctataa ctcgacagat cagttctgca 540 
Otgcactggg cacaaccaca tctttgattt 600 
ttatattace teaaaagctt gagatacaag 660 
gtgtaagtgt ggggaaaata tctccacatc 720 
tgctgatgtg cacatacaaa tttctatggg 780 
gaatctttce ccaacttcca gcgttgatta 840 
tatactrtggt gtccttcctt gattttcctg 900 
gagttttcct catatttttc ttaatgaaaa 960 
accaggtaat gtcaacaeat tagaaagatg 1020 
agctcccttt agtgaggtta attgagcttc 1080 
cgctcactgg ccgtcgtttt acaacgtcgt 1140 
atcgccttgc agcacatccc cctttcgcca 1200 
tcgcccaacc caacagttgc gcagcctgaa 1260 
ttaagcgcgg egggaagctc taaategggg 1320 
ggcacctcga ccccaaaaaa acttgattag 1380 
gatagacggt ttttttcgcc ctttgacgtt 1440 
gttccaaact ggaacaacac tcaaccctat 1500 
tttgccgatt teggcctatt ggttaaaaaa 1S60 
ttttaacaaa atattaacgc ttacaattta 1620 
geccetattg tttatttttc taataeattc 1660 
ctgataaatg cttcagtaat attgcataat 1740 
ecccagacaa tctagggtgt ctctctacct 1800 
aacatcgtat tatctctttc ccggagagge 1860 
agaatacatc ttagagggat tatacgatga 1920 
tcgcgcactc tgagagaagc aaccgagaat 1980 
aaaatgaatt ceatcccacc eateecaaaa 2040 
cgatcgatcg atggageatg catcgatgct 2100 
tttttttttg tatgctagat aaagctttcg 2160 
ctgaacttga cattgacatc tctttgcaca 2220 
catcctcaga gaaccaaggt aatcaaggag 2280 
gaaggaatct ttccccaact tecagcgttg 2340 
tcaatatact tggtgtcctt eettgatttt 2400 
ctgaatcacg agttttcctc atatttttct 2460 
ctggaacaca ggaceaggta atgtcaaaac 2520 
ggatctegag tegactcaca accagaggtt 2580 
ttcaaccctc caatctattt tgagctctcc 2640 
ctgtggetga gataataaae t g cat tact c 2700 
atatgatttt tgcatctcag tgtaatttct 2760 
cgggttatca tgcccaacgt cgtagctgtg 2820 
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ataaaaaaaa atgacgtetg tgctgtagct 
gtgtgtgact ccgtgctgat gctgtgcttg 
tgtgagttgc agcttcgcat ttgcagactc 
tttaatataa atttggggtg tttctctgaa 
5 cttctaagcc tca gG CGAAT ATTGACAGCC 
AITCCCTWUC CACCCAACAA CTCTCTGCGC 
AAAADCCGGG ACCCCTTTCA CTCTTTCGGC 
CCCCTCCTCT CTGGGGTTTT TCTCCTTTTT 
GCTCTCAGIG CCGGGTGTCA CAgfcgtg ta a 
10 tgccttgttc ttgtttcagt agtacagagt 
gttagcttct ctgatttggg tgtaggagtg 
TGAGTGGCAA TGTCTAIAAA ACGCTCTTAA 
CCAACGTCTA CTGCTCACCC GRCCGTTGGA 

cagtgcaata tgctactctc acatcaggct 

15 gtgctgttaa gtggaattac tgagtaggtg 
cagtggatca gcccatctac cccctgcaca 
ccctgccaec ccatgcrtgcc eeaeaeagtc 
actgtgctgc caccatccga cactccteta 
tgtaataggc tgcatgctgt tttgtaatag 

20 tggetcctgc aaegataaga atgttctaat 
taattctaaa etatggataa cctcagtgat 
tggggtttac gtttctggac atggggtcgt 
ccctaaaccc tgacacattt gggacataac 
gttgtgacaa aeaaeetgga gcacagagaa 

25 gattgtagct cagcagcaet eegtgaaact 
tccactgagc acaaatggaa atgagggtgg 
aggggctgac tcctcecatg ggcctgccaa 
gtgttagtgt agagg&gggg ceatggaaca 
tggattgcac tttcataatt tatttctcta 

30 aaaaatctag ggaaatgata tttttattct 
aatgggagat tacaagtata tctgttggtc 
catgatggca cctccttgtg cagccaagcc 
tgctetectt geetttgtgt tttgatagga 
ctgtatgggg ttaagaagao tcgtcacgct 

35 cccgcacggt cccgcggcgg ggacgggget 
accgcagCTG G tt SGAGGAGG TATACGACGA 
ACGAGCAGGA GCCCCTGGGG GTGGCGGGCC 
CTACTACCCG CCGGGAAAGA Ggtgacagag 
gggaatggga aacctaaggg ceeccggggg 

40 ctgggctgcg cgagcggggg aggggggtgg 
acgggccgtg ccecggcagG CACCCCGATG 
TGGGCCASCT GTCCGCAAGA AATTACCTGC 
ggctgcggcg ggacgggagc gaacaaageg 
attctccccg cggtgctctg ccggaacgag 

45 ctcccgcggg gcagececgg gtggtgccat 



gatcgatgca tgcatgaata aaaaaagtgt 2880 
gggctttctt gctaccaagt gtaagtgcta 2940 
etatgggcaa tttttagaaa aaggagttaa 3000 
gatatttcae tceacagtga aaaeagattt 3060 
CCCCTTTTTT TTCCTTTAXT TGTCGAGTCG 3120 
TTCTGCGCCT TCTTCATCCT TGCCGAGCGG 3180 
CGCAACTTGG GGAGAXAGCT CTAITTTTCC 3240 
CCTCTCTCCC TTTCCCTTCC CCAfiCCACAC 3300 
atcaagaett gaggatcaee ctaaggtgta 3360 
gaatgaaaaa ccactggata agcatgttga 3420 
acaagaattt gctctgagac acagGTTTCA 3480 
CCCTCCTCCT CTAIGGATTA ATAATCCATT 3540 
CTCCACTACC CGGCGCTAAG gtgagtctgt 3600 

ctgtgtcaca agtcatctgc eaatctatca 3660 
cttggcccae caaggctgag aatecagctg 3720 
cacgtgtgga ttcacccoat cccctgccaa 3780 
cctataggga tgaggctctc ecaccagggg 3840 
gcaaceaago aaceaaecaa attggtgttt 3900 
gaaatataga tgattctact ttattetecc 3960 
tcattattaa tttgtteett ctatttctgg 4020 
gceattagca atacctcgag gactacgaga 4080 
ggaggcagcc cctctggcca taaggtggtt 4140 
tggtacttgc eattcaeact gggttacagt 4200 
atcgtggcta gttatttgtc tggtgtaaat 4260 
tgcttattcc atctgtttat ggatttactc 4320 
gagcagggcc tagggtctte tgecageacc 4380 
ggectgcagt gacattctgc aagetagctg 4440 
ttaeatctcc aaaaggtaet ttttcgatct 4500 
ttcaaatgat tgattgaaga acagttgtta 4560 
tctgtaaaat acaaacttat ctgggtgaaa 4620 
tctggaggaa attagctgea aeeegtgtgg 4680 
ttctgttagg ctttccgttc atctagaaag 4740 
atgactcctc ctttgctact cttatttcca 4800 
gggetgagca ctggagcgag ctcgctcegt 4860 
ggggacgtcc ggetgagecc gcecgtgeet 4920 
GGACGCGAAT ACCCTACA06 ACTTCGCACT 4980 
GCGCCCGOGC TGGGGCAGCT CtACGCCGCT 5040 
gggcgccgga tagggccggg gggggagggg 5100 
aggccgggaa atatcgtaat tccgccccac 5160 
ggagggaggg cgcctcgggg atgggcgctg S220 
GGftSCTTGAG CAAAGCCTAC AGGAAACTCC 5280 
AC1CCCTGAX GGCCAAGCGC GTCGGgtaag 5340 
cggcgcgcgg cggccggggc ggggcggccc 5400 
agaggcggcc gcacccgggg ctcggcgtcc 5460 
cggagcgaac eoceeeeggg aaegcgatgc 5520 
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ataatgcatg gggggggggg ggggagaegt etegctccgg cccggccccg ccctttgtct 5560 
gccgggagat gcggggccgg ggcgggggtt agggccgggg ttggggttgg ggttgggtta 5640 
gggccgggtt gggtcgggcc cgggagggcc cctcetgatg gttgtgtcct tctcggtgct 5700 
ttgcagCGCT GCGftGGftGCG GCCTCGCGGA CGAGGCCGAA CCGCTCftGCX AGCGCCACAI 5760 
AGACGGCATC TTCACGGACA GCtACAGCCG CTACCGGAAA GAAA7GGCTG TCAAGAAAIA S820 
CTtAfiCSGCC OTCCTOCGQi AMGOtKO* N»AA«GTT MAAACMftG GftCGCCGAGT 5060 
MCGTCTTC IXGgatgagc aaccgccgct gccgtgegta gtcctgagag agagagagag 5940 
agagagagag agattgagag agagagagag agagagagag acccaaccac cccaacccaa €000 
aeaaaagtca tttccaaagt gacggaacga ccgccgctcc cgtgttcccc aaacatgtat 6060 
ttatgtataa gtaagccatt aaatgaataa tattttgata ataatatggt tttettttgt 6120 
aegaaagcao agatetactt tgtggaccaa tcctt*agtt atatatgaga tagaatatat 6X60 
atatataata ctgctactaa agagcgattc ttcataccaa gctgcaecag gacgagagtt 6240 
cgcctgagct gttagttttt atagaaaaca aaeagacgaa aaaaaaaaaa aagacaatca 6300 
ccgcttccaa cagcgctcct atttttgtaa cggaaaegaa aagggcactg tttttattgc 6360 
cacgggggcg aacacctcag ttctcaccgt gtgcgetgtg atagggaggg ctcacgcagc 6420 
aggggtcccc coggcctcga tctctctctc tatttccccc acccccccct tttttttttt 64 BO 
tcectttgat tccggtccta teegtatcag tcctcctcag agcgatgag 6529 
(2) XHFORMATlCai FOR SBQ 10 HO: 2: 
(1) 3BQUBMCB CHMttCTBRISTICS: 
20 (A) LSKGTH: 1086 b|> 

<BJ TTTB: nucleic acid 
(CJ STRAHDBDMBSS: double 

<D) TOPOtoc*: linaar 
(xl) SEQOBKCB DESCRIPTION: SBQ ID MO: 2: 

gcgaatattg acagcccccc ttttttttcc tttatttgtc gagtcgattc cctaaccacc 60 

caacaactet ctgcgcttct gegeettett eatccttgcc eagcggaaaa gccgggagcc 120 

ctttgactct ttcggccgca acttggggag atagctctat ttttcccccc tcctctctgg 180 

ggtttttctc ctttttcctc tctccctttc ccttccgcag coaoacgctc tcagtgccgg 240 

gtgtcacagt ttcMGAGTG GCAATOTGrX TMMCGCtC TTAACCCTCC TCGTCXATCG 300 

CATTCCA&CG TCTACTGCTC ACCCOACCGT TGGACTCCAG TACCC«CGC 360 

TAAOCTGGftC GACGACGXAT »CGACGAGG\ CGGGAAEACC CTACAGGACT TCGCajCTACC 420 

Aficaeaaocc cctgggggtg gcgggccgcg cccgccctgg cgcacgtota CGGCGCTCDI 480 

CTACCCGCC6 GGAAAfiMSGC XCCCCGATGC GATCTTCAGC AAACCCTACA GGAAflCTCCT 540 

600 



25 



30 



35 



60GCGAGCTG TCCGCAAGAA ATTACCTGCA CTCCCTGATO GCCAAGCCGG TCCCCCCTGC 
C * fiC*OCGG C CTCGCCGACC AGCCGGAACC GCTCAGCAAG CttCAOtt&G ACGGCMCTT 660 

720 
780 



CACGGACAGC XACfcGCCGCT ACCGGAAACX MXGGCTGTC AlUSAftAXACT TAJBCGGCCGT 
CCTGGGSMX AGGTATAAAC AAAGAGTTAA. AAACAAAGGA CCCCGAGIAG CGTATTTGTA 

Ggatgagcaa ecgccgctgc cgtgcgtagt cctgagagag agagagagag agagagagag 840 

attgagagag agagagagag agagagagac ccaaecaccc caacccaaac aaaagteatt 900 

40 tccaaagtga cggaacgacc gccgctcccg tgttccccaa acatgtattt atgtataagt 960 

aagccattaa atgaataata ttttgataat aatatggttt tcttttgtac gaaagcacag 1020 

atctactttg tggaccaatc cttgagttat atatgagata gaatatatat atataatact 1080 

9CtAet ** 1088 

45 <2) INFORMATION FOR SBQ ID MO: 3: 
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(1) SBQUEHCB CHARACTERISTICS: 

(A) LHXGTH: 175 aa 

(B) TYPB: amino add 

(C) STRAKDBDNESS: single 

(D) TOPOLOGY: linear 

(Xl> SEQUENCE DESCRIPTION: SBQ ID HO; 3: 

Itot Ser Gly Asn Val Tyr Lys Thr Leu Leu Thr Leu Leu Val Tyr dv 
1 5 10 15 

Leu lie Met Hie Cy» Asn Val Tyr Cye Ser Pro Asp Arg Trp Thr Pro 
20 25 30 

Val Pro Gly Ala Lys Leu Glu Glu ciu Val Tyr Asp Glu Asp Civ Asn 
35 <0 45 

Thr hmu Gin Asp Phe Ala Leu Arg Ala Gly Ala Pro Gly Gly Gly Gly 
»0 55 £Q 

Pro Arg Pro Arg Trp Gly Arg eye Thr Ala Leu Tyr Tyr Pro Pro Glv 
65 ^O 75 80 

Lye Arg His Ala Asp Gly He Phe Ser Lys Ala Tyr Arg Lys Leu Leu 
35 go '95 

Gly Gin Leu Ser Ala Arg Asn Tyr Leu His Ser Leu Net Ala Lys Are 
100 105 xiO 

Val Gly Gly Ala Ser ser Gly Leu Gly Asp Glu Ala Clu Pro Leu Ser 
115 120 125 

Lys Arg His Xle Asp Gly He Phe Thr Asp Ser Tyr Ser Arg Tyr Arg 
130 135 t |g 

Lys Gin Met Ala Val Lys Lys Tyr Leu Ala Ala Val Leu Gly Lys Arg 
Ms 150 155 160 

Tyr Lys Gin Arg Val Lys Asn Lys Gly Arg Arg Val Ala Tyr Leu 
1«* 170 175 



(2) INFORMATION FOR SBQ ZD NO: 4: 
(D SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 46 aa 

<B) TYPE: amino acid 

(C) STRAKDBDNESS: single 

(0) TOPOLOGY: linear 
<Xi) SEQUENCE DESCRIPTION: SBQ ID NO: 4: 

His Ala Asp Gly He Phe ser Lys Ala Tyr Arg Lys Leu Leu Gly Gin 
15 10 15 

Leu Ser Ala Arg Asn Tyr Lsu His Ser Leu Met Ala Lys Arg Val Gly 
20 25 30 

Gly Ala Ser Ser Gly Leu Gly Asp Glu Ala Glu Pro Leu Ser 
35 40 45 

(2) INFORMATION FOR SBQ ID NO: 5: 
(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 38 aa 
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25 



30 



35 



40 



<B) TYPE: amino add 
(C) STRANDBDME33: single 
<D) topology: linear 
(Xi) SEQUENCE DESCRIPTION: SSQ ID NO: 5: 

Hia He Asp Gly II© Phe Thr A*p Set Tyr 3er Arg Tyr Arg Lya Gin 
1 5 10 * 15 

Het Ala Val Lya Lya Tyr Lou Ala Ala Val Leu dy Lya Arg Tyr Lya 
20 25 30 

Gin Arg Val Lya Aan Lya 
35 



(2) INFORMATION FOR SBQ ID NO: 6: 
<i> SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 1079 bp 

(B) TYPE: nucleic acid 
20 (C) STRANDRDNB5S: double 

<D> topology: linear 

<*i) SEQUENCE DESCRIPTION : SKQ ID MO: 6: 

gcgaatattg acagcccccc ttttttttcc tttatttgte gagtcgattc cctaaccacc €0 

caacaactct ctgcgcttct gcgccttcct catccttgcc cagcggaaaa gccgggagcc 120 

ctttgactct ttcggccgca acttggggag atagctctat ttttcccccc tcctctctgg 180 

ggtttttctc ctttttcctc tctccctttc ccttccgcag ccacacgctc tcagtgccgg 240 

gtgtCACagt ttcATGAGTG GCAAXGTGTA xaaaacgctc TTAACCCTCC TGGTCTAXGG 300 

AITAAIAAJG CATTCCAACG TCTACTGCTC ACCCGACCOT TCGACTCCAfi TACCCGGCGC 360 

TAAGCTGGAG GAGGAGGTAT ACGACGAGGA CGGGAAXACC CTACABGACT TCGCACTACG 420 

AGCAGGAGCC CCTGGGGGTG GCGGGCCGCG CCCGCGCTGG GGCAGGTGTA CGGCGCTGTA 480 

CtACCCGCCG GGAAAGAGGC ACGCCGATGG GATCTTCAGC AAAGCCTACA GGAAACTCC? 540 

GGGCCAGCTG TCCGCAACAA ATTACCTGCA CTCCCTGATG GCCAAGCGGG TCGGCAGCGG 600 

CCTGGGGGAC GAGGCGGAAC CGCTCAGCAA GCGCCACASA GACGGCATCT TCACGGACAG 660 

CTACAGCCGC TACCGGAAAC AAATGGCTGT CAAGAAAXAC TTAGCGGCCG TCCTGGGGAA 720 

AAGGTXTAAA CAAAGAGTTA AAAACAAAGG ACGCCGACTA GCGTATTTCT AGgatgagca 780 

accgccgctg ccgtgcgtag tcetgagaga gagagagaga gagagagaga gattgagaga 840 

gagagagaga gagagagaga cccaaccacc ccaacccaaa caaaagtcat ttccaaagtg 900 

acggaacgac cgccgctccc gtgttcccca aacatgtatt tatgtataag taagccatta 960 

aatgaataat attttgataa taatatggtt ttcttttgta cgaaagcaca gatotacttt 1020 

gtggaccaat ccttgagtta tatatgagat agaatatata tatataatac tgctactaa 1079 



(2) INFORMATION FOR SSQ ID NO:7: 
(i) SEQUENCE CHARACTERISTICS ; 

(A) LENGTH: 172 aa 
45 |B) TYPE: amino acid 

(C) 3TRAMDBDNES3 : single 

CD) TOPOLOGY: linear 
(Xi) SEQUENCE DESCRIPTION: SBQ ID HO:7: 
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Mat 3 or Gly Aon Val Tyr Lys Thr Lau Leu Thr Leu Leu Val Tyr Gly 
15 10 is 

Leu lie Met Bis Cys Asn Val Tyr Cys Sex Pro Asp Arg Trp Thr Pro 
5 20 25 30 

Val Pro Gly Ala Lys Leu Glu Glu Glu Val Tyr Asp Glu Asp Gly Asn 
35 40 45 

10 Thr Leu Gin Asp Phe Ala Leu Arg Ala Gly Ala Pro Gly Gly ciy Gly 
50 55 60 



15 



Pro Arg Pro Arg Trp Gly Arg Cya Thr Ala Leu Tyr Tyr Pro Pro Gly 
65 70 75 B0 

Lya Arg Bis Ala Aap ciy Zle Phe Sex Lys Ale Tyr Arg Lys Leu Leu 
85 90 95 

Gly Gin Leu ser Ala Arg Asn Tyr Leu Bis Ser Leu Met Ala Lys Ar« 
20 100 105 no 

Val Gly ser Gly Leu Gly Asp Glu Ala Glu Pro Leu Ser Lys Arg His 
1X5 120 125 

25 lie Asp Gly Zle Phe Thr Asp Ser Tyr Ser Arg Tyr Arg Lys Gin Met 
130 135 140 

Ala Val Lys Lys Tyr Leu Ala Ala Val Leu Gly Lys Arg Tyr Lys Gin 
"5 ISO 155 160 



30 



Arg Val Lys Asn Lys Gly Arg Arg Val Ala Tyr Leu 
1*5 170 



35 (2) INFORMATION FOR SSQ 10 ND:0: 
U) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 43 aa 

(B) TYPE: amino acid 

(C) STRANDBQNBSS : single 
40 (D) TOPOLOGY: linear 

(xl) SEQUENCE DESCRIPTION: SBQ ID NO: 8: 

His Ala Asp Gly He Phe Ser Lys Ala Tyr Arg Lys Leu Leu Gly Gin 
1 5 10 ' 15 

45 Leu Ser Ala Arg Asn Tyr Lou Bis Sex Lau Met Ala Lys Arg Val Gly 

20 25 30 

Ser Gly Leu Gly Asp Glu Ala Glu Pro Leu Ser 
35 40 

50 

(2) INFORMATION FOR SEQ IB NO: 9: 
(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 992 hp 

(B) TYPE: nucleic acid 
55 (c) STRAMDEDNSSS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SBQ ID NO: 9: 

gcgaatattg acagcccccc ttttttttcc tttatttgtc gagtcgattc cctaaccacc 60 
caacaaetet etgcgcttet gcgccttctt eatccttgcc cagcggaaaa gccgggagcc 120 
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ctttgactct ttcggccgca »cttgggg*g atagctctat ttttcccccc tcctctctgg 180 

ggtttttctc ctttttcctc tctcecttte ccttccgcag ccacacgctc tcagtgccgg 240 

gtgtcacagt ttcATGAGTG GCAATOTGTA TAAAACGCTC TTAACCCTCC TGGTCTAXGG 300 

ATTAAIAAIG CATTGCAACG TCTACTGCTC ACCCGACCGT TCCACTCCAG TACCCGGCGC 360 

TAAflCTGGAG GAGGAGGTAT ACGACGAGGA CGGGWIACC CTACAGGACT TCGCACTACG 420 

AGCAfiGAfiCC CCTGGGGGTG GCGGGCCGCG CCCGC GC T GC GGCAGGTGTA CGGCGCTGTA 480 

CXACCCGCCG GGRAAC A GCG GTGCCAGCAS CGGCCTCG GG GACGftflGCGG AACCCCTCAG 540 

CAAGCGCCAC AXAGACGGCA TCTTGACGGA CAGCTACAGC CGCTACCGGA AACAAATGGC 600 

TCTCAAGAAfc TACTTAGCGG CCGTCCTGGG GAAAAGGTAX AAACAAAGAG TTAAAAACAA 660 

AGGftCGCCGA GTAGCGTATT TGXAGgatga gcaacegccg ctgccgtgcg tagtcetgag 720 

agagagagag agagagagag agagattgag agagagagag agagagagag agaeccaacc 780 

a cc ccaaccc aa a caaaagt eatttecaaa gtgacggaac gaccgccgct cccgtgttcc 840 

ccaaacatgt atttatgtat aagtaagcca ttaaatgaat aatattttga taataatatg 900 

gttttctttt gtacgaaagc acagatctac tttgtggacc aatccttgag ttatatatga 960 
15 gatagaatat atatatataa tactgctact aa 



to 



30 



45 



992 



(2) INFORMATION FOR SBQ ID SO: 10: 
U) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 143 aa 
20 (B) TYPE: amino add 

(C) STRANDBDNB5S: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: S£Q ID NO: 10: 

Net Ser Gly Aan Val Tyr Lya Thr Leu Leu Thr Leu Leu Val Tyr Gly 
25 1 5 io x5 

Leu lie Met His eye Aan Val Tyr Cya Ser Pro Asp Arg Trp Thr Pro 
20 25 30 



Val Pro Gly Ala Lya Leu Glu Glu Glu Val Tyr Aap Clu Aap Gly Aan 
35 40 4s 



Thr Leu Gin Aap Phe Ala Leu Arg Ala Gly Ala Pro Gly Gly Gly Gly 
35 50 55 60 

Pro Arg Pro Arg Trp Gly Arg Cya Thr Ala Leu Tyr Tyr Pro Pro Gly 
65 70 75 80 

40 Lya ser Gly Ala 8er Ser Gly Leu Gly Aap Glu Ala Glu Pro Leu Ser 
85 90 95 

Lys Arg Hia He Asp Gly lie Phe Thr Asp Ser Tyr Ser Arg Tyr Are 
100 105 110 

Lys Gin Met Ala Val Lys Lya Tyr Leu Ala Ala Val Leu Gly Lys Are 
US 120 125 



Tyr Lya Gin Arg Val Lys Aan Lya Gly Arg Arg Val Ala Tyr Leu 
50 130 135 140 



(2) INFORMATION FOR SBQ ID NO: 11: 
55 (i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 129bp 

(B) TYPE: nucleic acid 

(D) TOPOLOGY: linear 
S (xl) 3B0UBHCB DESCRIPTION: SBQ ID NO: 11: 

CAC GCC GAT GGG ATC TTC AGC AAA GCC TAC AJGG AAA CTC CTG GGC CAG 4B 
CTG TCC CCA ACA AAT TAC CTG CAC TCC CTC ATG GCC AAG CGG GTC GGC 96 
AGC GGC CTG GGC GAC GAG GCG «A CCG CTC AGC 129 



IHPORHATIOM FOR SBQ ZD NO: 12: 
SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 138bp 

(B) TYPE: nucleic acid 

(C) STRANDBDNBSS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SBQ ID NO: 12: 

20 CAC GCC GAT GGC ATC TTC AGC AAA GCC TAC AGG AAA CTC CTG GGC CAC 48 
CTG TCC GCA AGA AAT TAC CTG CAC TCC CTG ATG GCC AAG CGG GTC GGC 96 
GGT GCC AGC AGC GGC CTG GGG GAC GAG GCG GAA CCG CTC AGC 138 



(2) 
<i) 

15 



25 (2) INFORMATION FOR SBQ ID NO: 13: 
(1) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: U4bp 
<B) TTPB: nucleic acid 
(C) STRANDBDNESS: single 
30 (D) TOPOLOGY; linear 

(Xi) SEQUENCE DESCRIPTION: SBQ ID NO: 13 : 

CAC ATA GAC GGC ATC TTC ACG GAC AGC TAC AGC CGC TAC CGG AAA CAA 48 
ATG GCT GTC AAG AAA TAC TTA GCG GCC GTC CTG GGG AAA AGG TAT AAA 96 
CAA AGA GTT AAA AAC AAA 114 



(2) INFORMATION FOR SBQ ID NO: 14: 
U) SEQUENCE CHARACTERISTICS : 
40 (A) LENGTH: 27bp 

<B) TYPE: nucleic acid 

<C> 3TAANDBONBSS: single 
(D) TOPOLOGY: linear 
(Xi) SEQUENCE DESCRIPTION: SBQ ID NO: 14: 
45 CATGTTTGGA CAGAACACAA GTGAGCG 27 



<2) INFORMATION POR SBQ ID NO: 15: 
50 <i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2fibp 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS: single 
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(D) TOPOLOGY: linear 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

CATTCGGAXG GGATCTTCAC GGAXAG 26 



(2) INFORMATION FOR SEQ ZD NO: 16: 
(i) SEQUENCE CHARACTERISTICS : 
(A) LENGTH: 24bp 
tO (B) TYPB: nucleic acid 

(C) STRAND KDNE33 : single 

(D) TOPOLOGY: linear 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO; 16: 

15 GAGCCCCGCC CCT CC T TA CC GCAG 



24 



(2) INFORMATION FOR SEQ ID NO: 17: 

(1) SEQUENCE CHARACTERISTICS: 
20 (A) LENGTH: 24bp 

(B) TYPB: nucleic acid 

(C) STRANDBDNB33: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
25 CACGCCGATG CCATCTTCAC CAAA 

(2) INFORMATION FOR SEQ ID NO: 18: 

(1) SEQUENCE CHARACTERISTICS: 
30 <A> LENGTH: 24bp 

ih) TYPE: nucleic acid 

(C) 5TRANDBDNSSS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: IB: 

35 

CCCGACCCGC TTGGCCATCA GGGA 2 4 

(2) INFORMATION FOR SEQ ID NO: 19: 
40 (i) SEQUENCE CHARACTERISTICS: 

<A> LENGTH: 27 aa 
(B) TYPE: amino acid 

(D) TOPOLOGY: linear 

45 (Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

His He Asp Gly He Phe Thr Asp Ser Tyr Ser Arg Tyr Arg Lys Gin 

15 10 i$ 

Met Ale Val Lys Lya Tyr Leu Ala Ala Val Leu 
20 25 



24 



INFORMATION FOR SEQ ID NO: 20: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 aa 

(B) TYPE: amino acid 

(C) STRANDEDHBSS: single 
5 (D) TOPOLOGY: linear 

(Xi) 3BQ0EBCB DESCRIPTION: SBQ ID HO:20: 

His Ala Asp Gly Ila Pha fler Lya Ala Tyr Arg Lya Leu Uu dy Gin 

1 5 10 xi 

Leu Ser Ala Arg Aan Tyr Lou His Ser Leu Hat Ala Lya 
10 20 25 
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1. An isolated nucleic add molecule including at least 25 conrigimmy m^^mlr? of 
d» sequence shown in Scq. I.D. No. 1. 

2. An isolated nucleic acid molecnfe accord^ to cia^ 
inJadeittleitt30coitigOT iiw^ l# 

3. AnisoltlMsaclektctdittikca^ 

inclnAatt lcart50«Htign(Ba LD. No. 1. 

4. AntalitednaaekacMm^ 

molecule encodes a polypeptide capable of stnmilatmg release of pituitary growth hormone from 
cttrim ptfuittry cells. 

5. A mcleotide vector including a nucleic acid molecule according to rJgWn 4, 

6. Atnmsgemchodcctt|m>dncedty 
according 10 claim 5. 

7. A method of producing a polypeptide capable of atSmoiating fee release of pituitary 
growu^ hocmone frooi dncfcen pituitary ocUs« An mcttod comnrifluig d)£> ttcps of* 

(a) provMfing a transgenic host cenacconfiqgtocJaimft 

(b) cultrvadug the cellmate 

(c) harvesting die polypeptide. 

8. A pnified polypeptide prodoced according to the method of dam 7. 

9. A composition for administration to pooltry c omprising a perilled polypeptide 
according to claim 8. 

10. An isolated imcfck add moa^oax^ 
polypeptide, die polypeptide having an amiiw add seqoen^ 
aeqocpcea shown ire 

<a)Scq.LD.Na3; 
<b)Seq.U>.No.7;or . 
(c)Seq. I.D.No.9. 

11. A Twrlrotidr vector including a nucleic arid mnlrrnle according m tttfm jp 

12. A transgenic host cell produced by intro&dng umo host cctt a nucleotide vector 
according to claim 11. 

13. A method of producing a polypeptide capable of stimulating die release of pituitary 
growth hormone from chicken pituitary cells, the method comprising the steps of: 

(a) providing a transgenic host cell according to claim 12; 

(b) cultivating the cell under conditions supporting die production of the 

polypeptide; and 

(c) harvesting the polypeptide. 

14. A purified polypeptide produced according to tbe method of chum 13. 
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15. A innfied polypeptide having an «nh^ 
consisting of tosegpenctsahownm: 

(a) Seq. LD. No. 3; 

(b) Seq. LD. No. 7; or 

(c) Seq. U>. No. 9. 

16. Apnrifieddiittoneuropeptiilei^^ 
iadodn at lost 20 omaeci^ 

(a) Seq. LD. No. 3; 

(b) Seq. ID. No. 7; or 

(c) Seq. LD. No. 9. 
and wneitin die polypeptide*^ 

17. Misdated mctefc add nutecnle tovii^amdeotkte se gM^ cop ^A ii g atto 
10 consecutive nucleotides of (be sequence shown in Seq. LD. Na 12, wteein Ihemclcic add 
mdecute encodes a pofypej^ 



(a) Seq. LD. No. 4; or 

(b) Seq. LD. No, 8. 

19. A pnrified polypeptide encoded by a nucleic acid molecule according to «-inhn 17. 

20. A pnrifiMriiMrra 



(a) Seq. LD. No. 4; and 

(b) Seq.LD.No.8. 

21. AttiflolatedDNAnotoileutocinte 

>of die sequence dawn in Seq. I.D.No. 13 and wherein die DN A molecule encodes a 
Pdypepiide capiat ^ 



22. A DNA molecule according to claim 21 wtercin the DNA molccufc < 
polypeptide having an amino add seqwnce as shown in Seq. LD. No. 13. 

23. A DNA molecule according to claim 22 utetin the DNA mokcok has a nucleotide 
sequence as shown in Seq. LD. No. 5. 

24. A recombinant DNA molecule including a nucleic acid molecule accenting to 

claim 4. 

25. A 

recombiiam DNA mokenk acconfing to claim 24 
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26. Acompoatiooincia^ appriSc^ 

according to cUim 4, wbt^ ti« pc^peptide is capable of tfimiiteii^g die ictase of pitidttiy 
growth hormone from chicken pitniiary cella. 

27. An isolated nucleic tdd molecule hiving a nucleotide sequence selected bum fce 

ggPPp OUfBUMlftg €f <fae mUtflBCT ahpWtt PL 

(>) Seq. I.D. No. 1 or its complementary sttand; 

(b) Seq. ID. No. 4 or its conqdementuy strand; 

(c) Seq. I.D. No. 12 or its complementary ttrand; and 

(d) sequence* which hybridize under conditions of at least 75 % stringency to the 



and wherein (he nucleic add molecule encodes a 
pedlary yvwdi Immiimmb ft— < *f*^%r i ^ pit i nTtBry fflfc 

28. An isolated nucleic add p wfc r q lf according to daini 27 (d) 
molecule hyhiidizea under conditions of at leatt 90% stringency. 
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